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HEN you wish to determine accurately the viscosity of 
Petroleum Products and Lubricants under A.S.T.M. 
Serial D 88-36, be sure to use the TAG SAYBOLT Thermo- 
static Universal-Furol VISCOSIMETER. It meets every re- 
quirement for precision, convenience and time saving. 
Here are some important features. Temperature of bath 
held constant to * | 10 F. at any test point between room 
temperature and 220 F. .. . Easy setting by means of pilot 
lamp which indicates whether contacts are open or closed— 
a flickering light, seen from any part of the room, shows that 
bath is being controlled and is operating properly. . . . 


Sticking contacts prevented by vibrating contact actuated Use the coupon below for your 
by cam on propeller shaft. . . . Inexpensive, easily replaceable copy of TAG Catalog No. 
heating coils. . . . Heats rapidly to any test point with oil in ete cameo eeeeene ral 
. ae prices on the 
bath instead of water. . . . Adequate stirring. . . . New, \-tulee, 24dbe and 44ube TAS 
electrical stirrer of simple but correct design insures uniform- Saybolt Viscosimeter. You'll 
ity of temperature and maintains proper difference between also be interested in our liberal 
tube temperature and bath temperature, as required by the allowance offer for old type 
American Society for Testing Materials. . . . The "original" Rane Sanny Sao 


and now improved Saybolt Standard 
Viscosimeter tube of bronze or stainless 
steel, with stainless steel interchange- 
able Universal or Furol orifices, is re- 





C. J. TAGLIABUE MFG. CO. 
Park & Nostrand Avenues 
Brooklyn, N. Y. 


Gentlemen: Please send, without obligation, information and prices on TAG Thermostatic Vis 
meter; also your liberal allowance offer on old type, and Catalog No. 699-1. 


Name Address 
City State 


C.J. TAGLIABUE MFG. CO. 





Park & Nostrand Ave’s., Brooklyn, N. Y. 
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| Low-Cost Maintenance for 


COM PANY 


Your Instruments 
Brown Instruments are rugged, precision-built and guaranteed to give long, dependable 
service. Like your automobile or your watch—regular inspection, cleaning, oiling and 


: : ee , : any 
checking will prolong their life and sustain their accuracy. , 


wre HOM) 


an as ow amr 
sk 


Brown Periodic Inspection is a flexible service, adaptable to the needs of your own plant. 

A Brown Service Engineer calls regularly every 30 days—or 60 days—or as often as 

you desire. He will give you the advantages enjoyed by Brown Instrument users who 

mows} Employ their own full-time instrument men. Many of these larger plants likewise retain 
o*°! Brown Periodic Service in a consulting capacity to assist the regular staff. 


XTVRES 
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WHAT IT MEANS TO YOU 


PROPER MAINTENANCE 


Regular examination and adjustment of your equip- 
ment by a Factory-Trained Instrument Engineer. 


AUTOMATIC ATTENTION 
No special follow-up required by you as calls are 
made at regular periodic intervals as per your 
agreement. 


strument operation will increase your plant efficiency 
and keep your operators better satisfied. 


ACCESSORIES AND SPARE PARTS 


Charts, ink and marking ribbons . . . thermocouples, 
protecting tubes, and extension lead wire . . . in 
fact, every standard item you need can be sent 
immediately. 


QUICK ACTION ON REPAIR SERVICE 


If an accident damages a Brown Instrument, it can be 
returned to duty promptly. Write, wire or telephone 
our nearest Branch and give the details. A Brown 
Factory-Trained Service Engineer will bring new parts 
aad make repairs in your plant. 


A REAL INSTRUMENT SERVICE 


Our Trained and Experienced Instrument Engineer 
will inspect and check your Brown Instruments against 
his certified standards. He will replace worn parts 
and will advise you of the necessity of ordering ac- 


CONTINUOUS OPERATION 


Instruments maintained in good operating condition 
by competent men will give reliable and con- 
tinuous service. 


LONGER LIFE OF EQUIPMENT 


Instruments properly inspected and cared for will 
have longer life. 


MINIMUM MAINTENANCE EXPENSE 


Timely replacement of parts subject to deterioration, 


detected by the experienced eye of a trained in- 
strument man, before the deterioration has pro- 
gressed to the break-down point, will cut your main- 
tenance expense to a minimum. 


cessories such as thermocouples, protecting tubes, 
leads, etc. He will report to you on the condition of 
your Brown Equipment before he leaves your plant. 
Furthermore, because of his experience, he can 
often give you valuable suggestions on the applica- 





tion of Brown Instruments to your process work, and 
will gladly instruct your operators in the care and 
operation of your Brown Equipment. 


BETTER SATISFIED OPERATORS 
Confidence of the men inspired by dependable in- 


Get the facts about Brown Periodic Service. Discover how little it costs to have your instrument invest- 
ment protected by a nation-wide organization of factory-trained, field-experienced engineers who 
already supply Brown Periodic Service to more than 1,400 industrial plants. Write, wire or telephone 
our nearest Branch Office. THE BROWN INSTRUMENT COMPANY, a division of Minneapolis- 
Honeywell Regulator Co., 4482 Wayne Avenue, Philadelphia, Pa. Offices in all principal cities. 
Toronto, Canada: 117 Peter Street... . Amsterdam—C, Holland: Wijdesteeg 4... . London, England: 
70 St. Thomas’ Street, S.E. |. 


MINNEAPOLIS-HON EYWELL Control Systems 


Contro/ is to Economize 
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om time to time we invite specialists 
tain classes of measurements to dis 
se on their specialties so that you 
keep up with the latest technique 
result always is an exclusive article 
outstanding value as exemplified 
month by H. H. Seott in his discus 


of industrial noise measurement tech 


Dr. Williams, having covered early 
thods of measuring scratch-hardness, 
begins a series of articles on recent 


ethods. 


New devices belong in our “New In 
ruments” Department but new methods 
f measurement and control deserve ar 
icles. So do new classes of instruments 
employing new principles That’s our 
policy and it’s based on your interests 

t on editorial-room fetishes. Hence: (1) 
Newman on a new method of temperature 
mtrol and (2) Moore on a new class of 


elemetering systems 


THE FRONT COVER 


hows the installation ot Bristol “Coor 
dinated Control” in the dvehouse of the 
Kent Mfg. Co., Clifton Heights, Pa., 
hich makes possible the operation of 
Hussong dye vats under complete auto 
itic control from the dye master’s of 
fice, with benefits as follows: 

| 


ly found to }t O.K 


Dangers Still Impend 


W NDICES of the nation’s economic health had continued to 
| rise. Utilization of electrical energy, for example, was 
JA breaking record after record. Judging from the numerous 
1929-1937 charts flaunted by financial writers this summer, 
prosperity had returned and the readers of financial pages 
could go fishing, or loll on ocean beaches, or relax in deep easy 
chairs and lazily send puffs of Havana smoke curling up to the 
ceiling-beams. 

Your editor took his first vacation in eighteen years. He 
toured the Rocky Mountain and Pacific states and ‘‘mixed 
pleasure with pleasure” by visiting half-a-hundred subscribers 
along the way. All of them were enthusiastic about their work, 
confidently looking forward to the near future, and apparently 
without a single source of worry. Your editor soon forgot the 
activities of the anti-machine propagandists. 

Devoting several evenings, after his return, to reading an 
accumulation of recent magazines, government publications 
and association booklets, your editor had a painful awakening 
to the ugly realities: Our enemies—vyour enemies—seem to 
have made converts among the advisers of the Administra 
tion. Not only does the introduction of labor-saving methods 
meet with increasing disfavor in some official quarters, but 
there seems to be a new kind of agitation: against the in 
ventors who conceive labor-saving devices, and against the 
engineers who specify and install such devices. 

The situation at Washington is so complex as to defy an 
alysis. Technological progress has its friends as well as its 
enemies. Almost simultaneously there came out two important 
pronouncements, one by F. Stirling Wilson of the Bureau of 
Foreign and Domestic Commerce and one by FDR’s National 
Resources Committee. The former’s “Technological Progress” 
(pro) was brought out with less ballyhoo than the latter’s 
“Technological Trends and National Policy, Including the So- 
cial Implications of New Inventions” (con). 


It would seem that pressure groups waging war on industry 
have changed their strategy—or that they are beginning to 
use strategy. They seem to have discovered the efficacy of 
flanking attacks, of undermining. What they demand is “plan 
ning’’—which of course means hampering—the advance of 
technology. 


You know the obvious answers: it would cripple industry to 
have new methods and new devices passed upon by any dic 
tatorial board in Washington. Even a board of geniuses would 
not have foreseen in 1912 the millions of new jobs created by 
the new industries in this quarter-century. And who is the 
super-genius capable of selecting the geniuses that will serv 
as Kommissars of Inventions? 

Yes, you know the answers. But the public doesn’t. And the 


mob hates intelligence. Dangers still impend. 
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The Burling 
HEAT CONTROL 






TANKS 


PRESSURE 
VESSELS 


DRYERS 


For 
Industrial 
Processes 


$0°-1400° } 


\ rugged and accurate instrument that is 
tanks with 
Tubes of non-corrosive 
Snap action switches rated at 10 


easily installed in ovens or 


suitable fittings 
alloys 
amperes, ample for auxiliary equipment 


Burling Instrument Company 
49-243 Springfield Ave Newark, N. ] 
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NEW INSTRUMENTS 


In this department we strive to report each month ALL the new de 
for measurement, inspection, testing, metering and automatic contrc 
the form of concise technical descriptions. 


When writing to manufacturers directly, please mention this departme: 
your source of information. 


Or write to Information Section, Instruments Publishing Company. 








Pneumatic 
Telemetering Systems 


Two-element 
Feed-water Control] 


Phere will) shor Ly« innounced =a \ ome two-element steam-flow 
dical aL remote-reading method: boiler feed vater controller, kno 
employing low-pressure compressed air the Copes “Flowmatie” Regulator, 
17 Ibs./in supply required) for trans signed for modert high-ratine 
muitting the indications of any type of 


measuring instrument with a pointe 
pen-arn or other mechanical displace 
ment indicating element exerting ny 
torque reater than that of delicate o 
Cr ete \ number. of sVsten 
( lready beer Installed and their 
pertorn nee under service conditions is 
reported to be exactly is predicted by 


designers and builders Basie principle 


Is conversion Of measuring-instrument in 


dication into a corresponding (but not 
proportiona pressure, 2 [bs./in miuini 
mum and LO Tbs./in? maximum, by means 
f flay ye nd-neo e follo Wy) OF Instr 





‘ 


Connection to shaft of -~> 
Measuring /psiruments*° 
» \ 








ind other units subjected to rapid, 
feeds the 
cording to the rate of steam flow, so t 

higher water 


load fluctuations. It boiler 


level can be provie 
on heavy loads than on light, or a pl 
tically constant level can be naintains 


indication 


ment Receiver consists of a 


pressure gage of any suitab'e size, form, for all ratings. It has two eontrol « 
veather protection, ete 


eording, 


indicating, re ments: The steam flow controller me 


controlling or combination—ecal ures the rate of steam flow by taki 


ibrated in the units measured at trans the pressure drop through the supe 
mitting station. Transmitter unit prop heater. The water level thermostat 
er (illustrated) is small enough to be tension type expansion tube as used 


built into the case of most 10” size in the standard Copes Regulator) respor 


dustrial recorders, ete. Linkage of trans to changes in the boiler water le 


mitter umit can be designed to. give i These two control elements are so co 


scale law different from that of me isul nected mechanically to the feed wv 


Ing instrument Illustration shows control valve that the valve is positions 


transmitter which converts the square by the resultant of the two forces. 1 
root law of a flowmeter into a uniforn feed control valve may be direct-op 
scale law All inherent sources of erro) ited or hydraulically-« per ited, or equ 
ire uid to be negligibl Law is propor ped With a motor operator ye rmutti 
tional to distance, amounts to fraction repositioning by remote push butt 
of second per hundred feet for a 1 Regulator is furnished in ill pres 

sudden change in measured value standards — fron the 250-Ib upwar 
Brown Instrument ¢ S? Wayne Ave Valves are furnished in 2” to 6”. siz 
Philadelphia, Pa Vorthe HMquipment ¢ Brie, Pa 














Three-inch Cable Power-factor BATTERY. 
Oscillograph Measuring Equipment ) 


< ‘ 
; cS 
é f 
.@) x at popular appeal to Justify For determining quality of insulation M RS 
—_ aa ~ 
! 1 ‘ t SS 


roduction ind thereby “an ex ot power cables” by 


@ 


I 
V LON price, makers innounce factor uSII a} se detect Compensatior 


er 164" 3-inch cathode ray oscillo method ae equip er permits 
. said to embody features hereto and 


nd OnL-V In more eAXPeNSLVE equip 


separately controlled horizontal! , 
‘tica Neh-gair unplifiers, fla Bailer Roam 
= } » BOOK cycles; Internal or ex 
vositive svnchronization: high and S ° 
ge supplies insuring a brilliant enuce oe. © 





Boiler Meters (# 
Indicate, record 
and integrate 
Steam Flow 
from the boiler, 
record Air Flow 





supplied for 


testing reel leneths rapidly on combustion 
na Gadic. Mecinnvhe eek nck decee and record Flue 
on the deflectior f thr ttmete ed: Gas Tempera- 
inductance is introduced in the ter ture. The use of 
circuit of ensitive this meter re- 


~ oO re?¢ t { t*¢ ( 
duces fuel cost 
onding necess ( ‘ ” ; ! u M 
le =-ens main- 
rument. Ini ( ( 
, tenance and outage owers standby 
mower Tact s e | Cie v 
suitable « f and adds capacity. 
high Vol ir¢ e! SS t ( t = ‘ 
ané.ok Cb: enkle. Sis ' Multi-Pointer Gages for indicating 
reads dirt ce drafts, pressures, differentials are a é 
eeds \ x with any number of pointers from one to 
I 
ra: le pP ‘ }? twelve. Thev are actuated by sturds 


sensitive diaphragm units. 





tern and no interaction of controls: 
cece « 1eCT1O to the horizontal ind Phree-powe 
| Celis LOI ~~ es oft ¢ tube idine stere 
miea s et rreque ( ir¢€ 1 e ¢ d ‘ 
g obser ion of a single e fort spec . : 
rom 15 ¥ ( C.D.S d separ ‘ i 
loning ¢ t ‘ e fr ‘ 
t . css st'¢ ( J T ms 
t eC ‘ Hl ¢ s es ( 
ifvir ion. | el | 
Dun =a ‘ y a : f Pois ( 
ee a be FS ee eee Flow Meters. For indicating, record 
ea , és scaeeael ing and integrating the flow of ste feed 
mt ” . 2 eal e water, compressed air and other flui 
r ty 





tinick. ites 8 Deltcat Lob Granular Matericl Meters 
Line ppe telai ; For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from o 
head bunkers. The total 
quantity of granular ma 
terial is shown on a large 


illuminated counter which 





mav be easil\ read ata 


distance of 50 feet 


bridge’ A flip of the finger throws th 
nagnifier up and out of the line of vision Cask es Control Systems. 
vhen desired Wher rm constantly, Make possible the every 


TO s SI ‘ f ni T t 
MHTOre I ‘ day operation of equipment for steam 
structior hie ern S tir t mie py 
= generation and utilization at test efficien- 
( ging bridge idth and interpupillary . r 
\\ cies. They are applied to the control of 
is nc eT ser ordi rity ear ry . 
; combustion, feed water, superheat, de- 
eC ense ese | d 
e evewires Fone , superheat and other factors 
made for bridge idth and interpupi r Complete Information onan f thove B 
distanee | eferred, the loupe car ‘ products will be gladly furnished upon reque 
rm ove ey rg ‘ nd the eve - 
mie en BALEY METER 
aang nes ail hie COMPANY 
Rausch re ay ( Rocheste 








v. ¥ 1041 Ivanhoe Rd., Cleveland, Ohio 
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Needle Valves for 
Precise Control of Gases 


and Liquids 


Sensitive, reliable, safe. 
V-point and blunt - point 
types. 

Made in forged _ brass, 
stainless steel, Monel, Ever- 
dur. 

Send for Bulletin I-29 dese: 


HOKE, Incorporated 


122 Fifth Avenue, New York, N. Y. 











Orifice Fitting 


Plate-lifting method emploved in nev 
“Junior” Orifice Fittin Ejector lype) 
iS Sane is that of “Senior” CV pe ell 
inating in the same manner the difficul 
ties of removing orifice plate and plate 

der by hand. Ne design is simpler 
in construction, is said to o 
flexibility than any other fitting available 
PreVIOUSIY, ind vill Oye rate with in 


meter It may be supplied with cast 





uy ilustrated or recessed for weld 
ing, or with rigid or loose ring flanges 
m nipples of any length welded in. Re 
cessed type permits field) welding into 
meter run, with several savings. Danie 
() fiere Fitting ( Uni Pacific 
live / / sele (atif 


Low Loss Dielectric 
Measurements 


\ still greater degree of accuracy in 
the measurement of ) power factor or 
dielectric constant of insulating mate 
rials and small condensers) within the 
frequency range of 100 kiloeveles to If 
megacycles, is provided by “new Type 
106-A Dielectric Unit, used in combina 
tion with Type 100-A Q-Meter, which it 
an) itches in general ippe irance. It couples 
on at the right side of the Q- Meter. This 
combination furnishes i compact and 
easily operated equipment for measuring 
q) ot extremely low loss dielectrics 
quartz, for instance ind also the ordi 
nary grades ot insulating materials 
which mav be ordinarily difficult to meas 
ure accurately The new unit contains 

highly sensitive 50-micro impere in 
dicator with necessary ipparatus ind 











controls for setting ind readir vu 
rately Phis meter is so arrangs 
portion of the normal Q seal 
()-Meter proper is thereby exp 

ipproximately four times norm 

small differences in circuit () 
readily ind wccurately read. The 
ment also contains a_ line-voltag 
lator for precise measurements. | 
ith the standard q) Mie 


lectric unit measures differer 


bination 
cle 
circuit @Q as small as 2%, with 

curacy of about 5 Larger diffe 
may be measured with an accur 
ys or better Boonton Radi 

Boonton, No J 


Mechanical Counte: 


New “Type MC-3-W” mechanic 
ter, of heavy duty design = espe 
idapted to counting coil winding 


similar operations, has six number 


is arranged for shaft drive. Count 


vances one number for each turn 
shaft, generally substracts for ec 


verse revolution of shaft Reset 





returns all number wheels to zero 
one revolution of the re-set. Fram 


case are die cast, designed for conver 


mounting “Exclusive design ot 
drive action” prevents skip or ¢ 
ing. Length 354”; height 254”: w 
13,”; four mounting holes %84¢” di 
spaced 114”*31,.".--Production Inst 
ment C'o., 152 South Wabash {ve 


( hieaao. Til. 





An AU Purpose 
AIR VELOCITY METER si 
** Alnor” 


V elomete) 


Instantaneous 
Direc t 
Reading 


No Timing 

No Calculati 
Write 

for Literature 
LLINOIS TESTING LABORATORIES, In 
142 W. Austin Ave Chicago, titi 

















20 mm. or 0.5 1 = 






High vacuua or ra 
accurate gas pressure. ' 





Electric Vacuum Gauge 


folder { nN request 
WINSLOW 24 
ENGINEERING CO. Oo 
200 Pennsylvania Ave., Hillside, N. J. iy 














itra-high-frequency 


Tube 


ially designed for use in ultra 
equency or short-wave service, 
cillator and amplifier tube finds 
fields of application for therapy, 
radia, ind 
other high 
frequency pur- 
poses. Usual 
tvpes of tube 
construction 
have been 
modified by 
supporting the 
erid, filament 
ind plate elec 
trodes directly 
from short 
hy ea yv \ rods, 
terminating in 
short thimbles 
which may be 


used to con 





nect directly 





with the ex 
circuits This form. oft basing 
ven used for many years on high 
e urport flood Other 


ned advantages are low inter-elec 


gy lamps. ) 
de capacity of the tube and high con 
ivity of the large and short support 
\ lantalum is utilized for the anode 
erial, having proven” superior for 
frequency operation. This tube has 
ite dissipation of 160 watts and is 
ble of delivering 400 watts of use 
power up to 50 megacycles. Desig 
ed as the WL-461, this tube has the 
maximum d-c. plate 
maximum a-c. plate 
Itage, 2500 volts; and maximum plate 
rrent, 250 ma. Filament voltage is 5 
Its, filament current 11.5 amps. Maxi 
m overall length is 714” Westing 
tse Electric §& Mfq. Co., East Pitts 
iragh, Pa , 


owing ratings: 
tage, 2000 volts; 


Print Hanger 


Holding up to 75 blueprints, maps, 
c., this print binder and hanger is 
ide of duralumin with center hook of 
ti teel that can be turned down so that 








prints may be rolled for transportation 
rr turned back for reference. Three tele 
scoping binder screws with a metal strip 


it baek hold prints firmly. There are 
no projecting screws or sharp edges to 
mar prints. Renewable title strip, let 
ter to suit, slides in a T-slot at top, is 
sloped at a visible angle, is protected 
Dy a strip of celluloid. Stock sizes 18”, 
24” and 30”. Any size 12” to 48” made 
to order._-Wade_ Instrument (o., Tht 

Kast 118th Street, Cleveland, Ohio 





Barometer 


In its general lines, new “Cenco hl 
proved Mercurial Barometer” rese Lyle 


} 


but differs considerably therefrom i 


Slgen of mercury wel ind means of a 


justment of mercury level Instead of 


depending on the flexibility of a chamois 


bag subject to aging and eventual dis 
integration, me design employs i heavy 
clear vlass mercury well flanged near 
bottom — te provide positive grip ind 
threaded t pper end for fine vertica 
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idjustment, these male threads engaging 
female threads in a Bakelite well mount 
ing permanently cemented to glass ba 
rometer tube. Bakelite well mounting car 
ries ivory index for adjustment of mer 
cury column. A gasket permits sealing 
this system for transportation, sealing 
being simply effected by screwing mer 
cury well tightly to its upper limit. New 
barometer consists essentially of seven 
parts: (1 and 2) well and well mounting 
(described above) and the following: (3) 
Glass barometer tube with wide bore (4 
mm.) to minimize capillary depression 
error, scales being compensated for resid 
ual effect. (4) Brass case carrying ther 
mometer and English and metric scales 
and double vernier carrving 
points to eliminate parallax error. (5) 
Double reading scale covering range of 
200 mm. or 8” readable to 0.1 mm. or 
0.005” by means of double vernier. (6) 
Double thermometer, of magnifying ty pe, 
graduated in single degrees C. and F 
(7) Mercury of exceptional purity. A 
vacuum boiling process is employed in 
filling each barometer tube.—Central Sci 
entific Co ‘00 Irving Park Blvd., Chi 
cago, Tl, 


sighting 





standard U. S. Weather Bureau type, 





REMOTE 
INDICATION 


and 


CONTROL 





... ds usually a job 


for AUTOSYN 


SELF-SYNCHRONIZING 


MOTORS! 


'T YP! 1 AUTOSYN MOTOR is 


a reasonably priced self-syn- 


chronizing motor with = superior 


performance characteristics. One 
transmitter may operate as many as 
six receivers. Practically any system 
of remote indication or control may 
be solved by the selection of the 


proper type of Autosyn Motors 


FEATURES: 


1. Conventional Motor mounting inter 
changeable with most standard self 
synchronizing motor clements 


2. Approximate accuracy: Two degrees 
3. Maximum torque 14.8 inch ounces 


4. Safe continuous operating torque 6 
inch ounces 


5. Brushes carry mo current during 
synchronism 


Enclosed inertia dampener reduces 
oscillation tO Maximum of 3 
and is adjustable to suit 


seconds 


Dimensions: 3-5/8”x3-9/16"x5-3/4 
8. Weight: 5 Ibs., 12 oz 


9. Low current consumption and tem 
perature rise characteristics 


10. Voltage range for accurate and safe 
operation, minus 20 to plus 10 
normal rating 


Complete information mn veqgues 


BENDIX MARINE 
PRODUCTS CO., Inc. 


(Subsidiary of Bendix Aviation Corporation 
754 Lexington Avenue 
Brooklyn, N. Y. 
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Moisture Meter eg ae, ae 














L i 
Smaller model of 'TAG-Heppenstall Tees 077714073507 7400 ae 
Mh otuinn. BMatan 2 ates o Mitiel Ww.” quiring no external capacitor; tl ( 
l Il re COT ( It » tra Spo mete! dealt > 200/2,000 20),! 
, . Handle dad cable are stowed vith O.L ohm as. first indicatior 
yin center cale reading: 
megvohms rat eS 0/2/20 vith 
power supply Model 541 is 
for 110- to 125-volt 60-evele si T 
ess specially orderea 0 
Wod fnalyzer incorpo) f 
CIUSIVE free reference point S\ ¢ 
in ily sis” hereby all resist ince, ‘ 
nd current measurements may be ¢ 
between any two tube eleme} ts 
tween any tube element and er: 
chassis without turning over the ; 
er. This set may also be used as ( | 
meter, having ill thre point to porn 
tions and ranges of the Model 54 
scribed above It comes equipped 
ill accessories and operating dat 
, , L10-to 125-volt 6O-cvele supply 
‘ hrane Electric Flow Meters utilize the prit In recess at bottom of case belo instru otherwise ordered. 
{ ind have the sensitivity of the finest meas ment proper Opn ration is as” follows: 
iring instrument made—the chemist’s balance “Turn right-hand switeh on turn left Model U Tube Tester makes 
This exemplifies the galvanometer null prince ple hand switch to S7'D idiust potenti sible five tests: (1) inter-element 
which Cochrane Electric Flow Meters op k | 
un versally recognized by scientists as th ometer until galvanometer deflects to 3; ive between any two tube elements 
most accurate means of measuring a force o turn left-hand switch down and meter open element test in each tube el 
[he sensitive galvanometer detects the slightest Is re idly ror UINt J ib needles into board (3) short check between Um : 
change in the rate of flow of fluids. without Furn dia switch until ralvanomete ments, (4) quality test of comp-ete 
being affected by friction or variations in voltage igain deflects to 3 and read moisture elements, (5) separate sectional o1 
equency This insures a matchless accuracy content from dial switch setting.” Switch quality tests of multi-section or 7 CI 
— Flow Meters that ts explicitly guar wutomatically turns off when door is wave rectifier tubes \ll present 
, Write for Publication 2096 closed. Current drain is one-tenth that of receiving tubes can be tested. “I 
of previous model: only 3 dry cells in ing Filament” selector and Ssocel \ $0 
COCHRA E CORPORATION place of S, and they last longer ( J circuit can ipply filament voltage ti 
3120 N. 17th St. Philadelphia, Pa. Taalhahue Wa (‘a Parl \ Vostrand two pin terminations including “TOP ¢ 
Ives. BR Vv} For 100-to 133-volt 50/60) evele 
unless otherwise ordered 
Vodel (/ Tulse Tester IS Salad 
not only a complete tube tester but san 
. tester as ell Basic tube testing 
Radio Testers cult, same as in Model SOL, is said 
obsolescence proof. In addition Mod — 
Four new testing sets are announced offers 19 additional ranges and funct 
PRECISION ill smatler, lighter and more compact SEE Vodel p41), ilso an” eleectrost 
than previous models l ich Is desig d capacitor leakave test on 1 neon 
round a new flush-panel Westinghouss ind an electrolytic filter capacitor | 
ELECTRIC TACHOMETER instrument having a high torque, LOOO ve test directly on a “Good-Bad”™ 1 
OhMS-pel olt, heavily damped movement lish reading scale lester weighs 16 





54! 


Vi 
G. 














Adaptable to: 
INDUSTRIAL MACHINERY 





WIND VELOCITY INDICATORS 
FLOW METERS c 
RAILROADS 
CONSULT US ON YOUR 
TACHOMETER PROBLEMS 
Vode Set Tester measures 7 : measures LO 14 5”. comes 
() \ ols ¢ Ss S ve plete wit] | structions ; Ibe 
ELECTRIC SPEED INDICATOR CO. l i , weigh » Ibs.. ha twenty ple e with ul in ru ion ind tubs 
ranges and functions on a single selec For LO0- to 133-volts 60-cycle supply | 71 
14618 BAYES AVE. LAKEWOOD, 0 tor switch: Four d-c. voltage ranges less otherwise ordered.—Supreme Inst 
O/7/140/350/1400; four i-c voltage ments Corp... Greenwood, Miss me 
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( »sider this when you have 


¢ 3 ANALYSIS PROBLEMS 
em 


Th. Engelhard 
Quartz 

Protected Platinum 
¢ 

C 






al 
Analysis Cell> 


( vera period of several years one 
he leading manufacturers in this 
itry has ordered 400 gas analysis 
s and 100 recorders. Repeat busi- 

from this satisfied customer 
ins very definite results have been 
ained. Let us consider your gas 
lysis problems. 


Send for Bulletin 
DEPT. I 


CHARLES ENGELHARD 


90 Chestnut St. Newark, N. J. 














VACUUM-TUBE 
GALVANOMETER 


by HELLIGE 


\ general purpose null indicator of uni- 
rsal adaptability for precise measure- 
ents of any electrical potential, such as 
lectrometric pH measurements; glass elec- 
rode; oxidation-reduction potentials; 
reaming potentials; various types of 
idge measurements, etc. 
eb! 


" 1 1 
le for measuring systems of high 


Suita 
sistance (10 ohms) and those easils 
larized with the same high sensitivity 
1 millivolt) and the same simple tech- 


que as that of ordinary systems. 


pulletin on request 


Descriptive bu 


718 NORTHERN BLVD., LONG ISLAND CITY, N. Y 

















Finish Tester 


H & B All-Range 


taining numerical results of standardized =| ‘TT eqapeseteune: Contsotier 








lacquers ind vari 


means of ittachments, device permits 


meats of attachnenty device vers | A PER FECTED 
resatison smarter | BUM ET ALLEC 
rex Minnian"sompriee «pave | TNS TRUMENT 
tar , with 

as FLOATING ACTION 
ection wei iter NO LAG 

efore start of each tes 1200-DEGREE RANGE 


Yet capable of moving the motor 


Poughness and ad valve from open to shut on one de- 
er ea ee gree temperature change 
> ya oot te baad when so desired. 
| : \ / 


i 
WORKING 
PARTS ARE 

A 


Multiple-orifice 
; ° STAINLESS 
Flowmeter for High weg 
Pressures “¢ 


All parts subjected to stress are said to Adjustable for 

ce anaidee ta aeaeead: ts THROTTLING 
tter-proof glass plate. By loosening DEGREE OF SENS.TIVITY 
Scat anim amar gprs Radar REVERSIB.LITY 





: scoured. Ths Write for Bulletin TC 3 

: ee dee Seen con MANUFACTURED BY 
~ eee B. O. BUSHNELL 
Mer , h St 541 MW. KINGS ROAD LOS AMGELES, CALIF. 
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TEST MAGNETIC Resonoscope 
PROPERTIES For use by singers, players and othe 


! IsIClans, na I! Cstiyz Ors, Hs Tit 
- ° . . as . . 3 
OF YOUR STEELS | | crctronic device sounds each pure ton 
ror guidance ind checks the oie or mu 
sical instrument ind indicates its pitch 
I 
ind it quality The Resonosecope com 


prises a special cathode-ray oscillograph 


ised in conjunction with a standard set 





RAWSON FLUAMETER 
SIMPLEST AND MOST EFFICIENT 






1) ' j , 
Als sé It1Vé 
\ ( rg D ( thux 
the horizontal sweep circuit is auto 
; ) ts ically changed in frequency to comp: 
eters sate for the change in frequency in 


t from one note to another. This allo 


sweep circuit to be readily synchronize 


Photo Electric ( ells Electrocel if ill times hy standard frequen : 


tuning forks, and assures observet 
the number of wave forms on the sere 





is a direct indication of the octave bei 


RAWSON Electrical Instrument Co. 

















plaved or tuned to. The frequencies 
CAMBRIDGE MASS ; ° r 
Fig. 1. the standard chromatic seale are cal 
! E. 26th St New York ‘= 1 
1313 W. Randolph St., Chicago ited for 1 true tempered scale, 44 
if musical frequencies representing the eveles per second for A, but anv. ot! 
ia) * : 
twelve notes of the chromatic musical pitch ean be had by substituting a ne 
scale Phese standard frequencies, pro set of tuning forks. Fig. 1, Resonos« 
duced by twelve electrically-driven tun with cover removed, shows front 
ing forks, are utilized to synchronize an cathode-ray and other tubes. Fig. 2, unde 
oscillator in step with them. The oseilla neath side of Resonoscoye chassis, sl] 
HAYS Chemist's MODEL tor 1s employed to provide i horizontal master tuning forks and driving soler 
sweep circuit for the cathode-ray tube Resonoscope permits tuning to withi 
G AS A wy A LY Z E Q Meanwhile, a voltage unplific r is em minute part of a cvcle Its tuning for 
ployed to pick up the music of any single ire tuned to an CCUTACY oft 002 | 
is Really Portable musical tone and its output placed on the ilso facilitates the tuning of muse 
vertical plates of the cathode-rav tube struments fllen B DuMont La 
Combines “laboratorv” accuracy with \ special feature of the circuit is that fories l'ppe r Montclair. N. J 
field” rugeednes ind portability 
1 100 CC Orsai 
(vpe nalyvzer 





vith no. tragile 
glass parts or 
delicate easily 
broken parts 
Available in one, 


two, or three 











chamber stvles | 15 Jewel 

ee ~ \ 

for CO», CO, and > \ = 

oO Any alesived ss . 5s Wie Close Precision and 

> a aesire¢ € 2 - 

: / , \\\ Sturdy Construction 
scale range can 5 b 0 \- 

> Pay } r « ° 
be furnished. The A || oak 5 \1 These instruments’ will 
opera tion 1s \| ; serve the ever growing 

. } . . : 

speedy and con a) needs of our American 
venient. The y industries for exacting ac- 
pressed steel! case curacy. 

is only 1814, by - 

i by 4 rhe An excellent type of in- 
weight of the three-chamber set, com strument for executives 
pletely charged, is only 15 pounds and engineers. 

Readings car be taken to 0.050 


Manufacturers, Importers 
and Distributors of 





MAIL THIS COUPON 


FOR COMPLETE ILLUSTRATED CATALOG Computed 





Name all types of 
ivan INDUSTRIAL STOP WATCHES, CHRONOGRAPHS and TIMERS 
Address In 


Send for our complete catalog. Confer with us on your special timing problems. 
Our shop with skilled Technicians is at your disposal for quick 
E , and economical repairs on all types of Timers and Instruments. 
—_——— 


WGSTRIMENTS. MICHIGAN CITY. INDIANA.USA M. J. STILLMAN CO., INC.. 116 So. Michigan Avenue, CHICAGO, ILL. ~ 
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the UNIVERSAL 
EQUIPMENT 


for MICROSCOPIC 
RESEARCH 


and here are just a few of its 
many fteatures: 


Equally convenient for visual ob- 
servation and photo-micrography. 


Equipped with mirror reflex box to 
facilitate alignment and focusing 
for photography. 

Can be used also for micro-projec- 


tion, drawing and photo-microgra- 
phy in transmitted or reflected light. 


The Leitz PANPHOT can 
be used for: 

BRIGHTFIELD (transmitted light 
DARKFIELD (from lowest to high- 


t magnification including Plancton 


REFLECTED LIGHT (vertical illum- 
ULTROPAK illumination 
POLARIZED LIGHT (reflected or 
Full details given in Catalogue 7552. 
Shall we send you a copy? 


E. LEITZ, INc. 


730 Fifth Avenue, New York, N. Y. 
Washington . . Chicago . . Detroit 


Western Agents: Spindler & Sauppe, Inc., 
Los Angeles—San Francisco 











Circuit Analyzer 


“Node! 121 super Analvzer” IS t 


measuring ivc, grid Dias, diode, iudio, 
screen, and other critical voltages in elec 
tronic tube circuits Functionalized 
switching, by means of positive contact 
rotary switches, dispenses with pin jacks 
ind binding posts. All a-c. ranges car 


to be read on the same scale. D-c. vol 
tage ranges are 3.5, 7.0, 35, 140, 35 
ind 1,400 volts at 20,000 ohms per volt 


\-c. ranges same, ith sensitivity of 
7,000 ohms per volt. Ohm seales are 3,000, 
30,000, 3 megs ind 30 megs Potal de 
cibel ranges tron 14 to 61 db, using 
five multipliers. Minimum db_ resistance 
of 35,000 ohms permits bridging of hig! 
impedance iudio circuits with negligible 
error \ccuracy is Zo Tt Tu s( es: Cri 
cuits being designed to maintain ac 

with temperature cl inges. Specia rect 
her circuit desig vIVes temperature 
coefficient O05 ( Analvzer neais 
il] metal, uni CLE. ( se nd s 

COVE flording cor ete smelding I 
1-ft es le ] Dre ( é 
prods an . r ( 
S na ( t t f i / j 

( H's Nf. ¢ / 








1 4 
a . \ 
— fie] 
= _ 

ee 

a } 

H )/ 
pre t « - 
mo n ¢ z Not 
only 1S fe ue ( ed D ritic 
( ni t r¢ ( stirrer 
glass. Device ( , 
cle r ress ‘ 
ferentia ressure f ¢ f me 
betwee! inside Side S \ 
slightly hig ess Ce! I I 
issempDIV 1 ¢ Ing > g t 
ue l r served I 1 
ected with consideratio [ a gy 
speeds. 6 rpn is ecommended t 
it L(x ry! service fe aceedas l 
hours.—Fish-Schu ! Cor} I 











REPUBLIC 
FLOW METERS 


- Remote Reading Type - 





Republic, electrical type, flow meters 


are supplied for measuring the flow 


of all types of liquids and gases 


[The indicator, recorder and inte- 
grator are remote reading and may 
be located any distance from _ the 
point of flow measurement. Read- 
ing instruments may be obtained in 
iny desired combination and with 
related factors grouped on multiple 
indicators and recorders. 


Meter bodies are built for all line 
pressures up to 10,000 pounds per 
square inch and for all ranges of 
differential pressures. Operating 
ranges may be easily changed by 
means of interchangeable rangs 


tubes and scales. 


The Republic Flow Meters Co., in- 


troduced the electrical type of flow 


meter 27 years ago and the succeed 


ing years of engineering research 
have established the Republic meter 
as the standard for this field. This 
extensive experience in metering all 
types of fluids is available to you 
for the solution of any metering 
problem you may have. Your in 
quiries involve no obligation on 


your part. 


REPUBLIC 
FLOW METERS CO. 


2249 Diversey Pkwy., Chicago, IIl. 
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= + 2 
NEW eneY 

| JENA KPG 

¥ ALL-GLASS STIRRER 


| Stirring contents of flasks 








f penne 


maintained under low pressure 
or vacuum is now made easy 


I n 1 i 
pr i il or stuff 
eeder Pre ir ! 
i k it a 100 mn 
nercury between inside 
le flask cause n 
ika A Keeps out iIm- 
i é 
$750 Apparatu “ ipplied 
/» New York rT t ot bearing and shaft 
prec ely fitted to each other 
nension of the bearing tubs 
1 to micror 
Durable even at 1000 p.n m'n'mu 
t} 1 1000 hour However 
' p | t 600 
I he pe 1 the 
‘ 
t yp ‘ } Y 
I i il and ele 
r 4 t a t i i nst 
i nen T 
Ti¢ i 
tt all leading laborator supply deale 
Leaflet J] S 262 on requ 


FISH-SC U. S. Agents 


HURMAN CORPORATION, 
250 East 43rd Street, New York 


To Gauge the Progress 


of Today's Accelerated 


Pace... 

In Industry, Science 
and Transportation ... 
The need for Accurate 
Timers assumes Greater 


Importance... 


GUINAND; GALLET 
GALCO and SECURITY 


Timers set the Standard for 


Enduring Dependability 
Write for Catalog 7F 


JULES RACINE & CO. 


20 WEST 47TH ST., NEW YORK 
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R-F Signal Generator 


Ne “Model 110° Signal Generator 
vith an accuracy of O.5% ind a fre 
quency range from LOO ke. to 31 me. in 
five bands is announced. Direct-reading 


dial may be estimated to 0.25%. Dials 


ire connected directly to condenser rotor 


with insulated shaft and 10 to 1 vernier. 
which is said to prevent slippage, remove 
backlash, and assure smooth drive. Per 


manence of calibration is assured by the 
use of type 2020 molded coil forms and 
cores. An air trimmer is 


ich band. The 


variable through 


r-f. iron 
for e 
continuously 


pro 
vided r-f output is 
vernier 


control and a 4-step ladder ittenuation 
from minimum to LOO,000 microvolts. o1 
ill bands. There is no uncontrollable high 


output tap \ uni-selector switch pro 
vides 400-cyele internally modu'ated r-f, 
voltage for 


idjustable Q-1.2 


unmodulated nusoidal audio 


unplifier tests that is 


olts The rotor-inductor switching is 
done by making all coil contacts direct 
to oscillating circult lo exclude stravs, 
entire r-f. circuit is enclosed in separate 
copper shielded box. Power supply and 
modulator eireuits ire independently 
shielded; power chassis, power supply 
‘ord, nd r-f. units are said to be com 
ple tely isolated by shielded, multi-section 
filters The tube complement IS) one 76 


, 
ind one 


; ONS 
modul tor The r 


rectiher, 


ougdgn Brenale ( m 


‘Type WW-5 IR¢ Precision Wire 
Wound Resistor.” announced it ranges 
from 500,000 ohms to 1 megohms, is 

mace savel el h 1 ind OD 





half the 


“Type 
his is said to be smallest prac 


size of 


or about 
W W-2.” 
tical size for use as voltmeter multipliers, 
Standard 


present 


faders, gang controls, pads, ete. 


tolerance 17%: special tolerances as low 


is 0.10% available on special order. Non 


inductiveness, low noise levels and im 
pregnation against atmospheric condi 


to be characteristics In 


North 


tions are said 
Resistance ('o 407 

Broad St Philade Iphia, Pa 
NOTE — Above illustration of “WW-5” 


resistor was used by mistake in connec 


fernationa 


tion with item on the same company’s 
“Type CP” in our August page 


197 


issue, 


Converter Test 





Oscillator 


The AZ tvp converter test 


Is prim 
Junction 
normally 





morato 


irily intended to be used , 

a 

ith the typical tul | ' 
part of the moder iS oa 

a ‘ 





ry equipment It mav, ho 


be operated as an independent 
when connected to the essential batt “ 
ind meters \ radio receiver SUD} \ 
the necessary voltages may also hy 
is a power supply. Three tube 
ire i\ tilable, illowing Mmeasuremel 
SIX, seven nd eight prong tubes 
Uso possible with ippropriate adapt 
> oscillation checks of triv¢ 


to make 
' 
{ 


etrodes 


Boonton 


Electric Counters 





134”, is 1 


Black fi 
ind no 


contribut 


99,999. Operating relay actuates lev 

irm of counter, which has a_ throv 
Positive action prevents skips 

overthrow of number wheels. Steel cas 


cover being 
SEC" 


“Type 


non-reset 


stallation 


tion 
Wabash 


Instrument 


or pentodes on this instrun 


Radio ¢ orp Bor fy \ 


l ot eC1eC icall ( 
Is innounced for built 
on production machinery. ‘I 
itself measures | 2 l 


ma plate 27" sai 


nounted A 
relay is attached below | 
d extends 17, below surt 
white 
number 


Capacity 


gures on a backgrou! 


between whet 


legibility 


sp ices 


e to 


bottom, 
being a 


fastened at 
counter 
instrument, tamper-proof 1 
made.— Produ 
SOU 


electric 


may easily be 
Compan u, 


frenue, Chicago, Ill 
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Heer ae ain aM eS 
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50 60 
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Typical noise levels in decibels: countryside: studio; radio: refrig- 
erator; typewriters; automobile motor; printing press; ventilating fan 


NOISE 


IN 


chological and physiologica ndustrv are the actua tf 
effects of noise have been the nn u I y nolst ms the theiency i 































N the last few vears the psy Of somewhat mo 


1? . 17 5 j 
subject of a considerable amoun plovees. Laird cites cases in w 


I analytical st idy. Qualit itlve ly, By H H SCOTT reduction f th irder { 10 


vervone has long recognized their in the noise is increased 


xistence through personal experi Engineer, General Radio Co., Cambridge, Mass. thie ont 
ence with noisy appliances in the Another istration is still mor 


' ! . . , : 
home as well as in the office or striking the iss \ | 


factory. On the other hand, it is only recently that in nent of a company manufacturing temperature reg 
terest has been shown in determining the actual magni lators—where the rejections were reduced to or 
tude of these effects. Laird’ has summarized much of the f their former value. w t] itput was : 
arlier work along these lines and has concluded that wer one-third. ‘This was a mplished 
noise has diverse effects on living organisms, varying ng the department to 2 quieter location in the building 
from influencing the breathing rate to the lowering of In the telephone operating roo f g 
telligence scores. and that. in general, these effects pany, a decrease in the nois vel fr 5 
ire not desirabl or he rie icial. pr du ed 1 42 re lu tion in errors and aiso 
The effects of noise upon the motor function, and ible reduction in the average cost of each ssag 
simple mental processes are somewhat varied. So tar as Similar experiences are becoming 
the more complex cerebral functions are concerned, how ittention is paid to them now than s y 
ver, practically all evidence indicates that they are r but it seems quite apparent tha reduction of t 


tarded appreciably by the continued presence of noise. In of 10 db in the noise level w renerally res 
me test, a reduction in the noise level from 50 decibels nificant degree of improvement in eft ney and 


to 40 decibels resulted in an increase of more than 30 A decreas f this approx it :gnitude 


in the speed of mental multiplication, with no impair tained with common types of ar tural a st 
nent of accuracy. (The term “decibel,” usually written treatment.’ This generally nsists of suitable sound 
db,” will be explained presently. This reduction fron sulating cons yn {dit 

50 db to 40 db represents halving the loudness. See lig terial to the walls or ceilings. or t vy 

2.) Noise has a noticeable effect also upon the respira rugs upon the floor, to absorb what sound d 

tion and pulse rates and the emotional functions. Jacob the room or is generated within t roo Ir 

son” reports that relaxation is difficult, if not impossible, tions, wher nsideral . 1 enters ar 1d 

na noisy environment. Stimuli from an audiometer hav: through open windows, the us f suitable s 
been found to produce an annoyance which increases the doors and of fflers or ffles ir windows w 
practically directly with loudness, except at high e1 5 ' sd , 
sities, where the pitch also becomes of importance \“ 





4 T ed The Ee XN 











\ppre wering of sound levels may also be measurement of total noise level, but analyses o 





srought t nstallation of better equipment sounds 
Ver ind heating apparatus are frequent This interest in the reduction of noise has er: 
f] ind, of course, many types of ofhes need for measuring instruments and has _ foster 
sound level to an unpleasantly high entirely new industrial application of science—con 
Alt v lev indicates that fatigue caused cial noise measurement. Many types of equipment 
iinly of the mental type, it should not be corporating various principles of operation hav: 
‘\ h while to provide quiet surround developed to provide industry with definite and r 
if only the white-collar class Depend ducible re iding’s to act as a basis of comparison bety 
G t habits, their hearing acuity, ind the sta different sounds. Some of the « urls methods iny 
mus System. individuals na urally react matching an audible tone with the measured sound 
i » Various instance, the audion 
, yund Son first developed by th 
ted that " Telephone Laborat 
s not ilwavs as an instrument 
, ted th f ’ y" f ; measuring hearing, 

e omnis sut <—— : applied by Lemon, S: 
vor vr Ss) 1 almost al wv , and Free to the prol 
wavs is. Furthermore. as Fig. 1. Functional diagram of a system for making objective of noise measurem: 

workers hecomes mort measurements of sound levels. The audiometer consist 

i s fatigue is in of a buzzer which pr 

Vy noise, duced a standard nois 

ron s we may conclude that the sound level in in attenuator and a telephone receiver. The receiy 
ffices or in any other location where the workers mus was equipped with a special plate allowing so 
xercise their mental facilities to any appreciable degre from the surrounding air as well as sound from thx 

hould be kept as low as possible, so that each individual ceiver itself to reach the ear of the operator. The amp 

in work at his highest etficie ney. It should be noted that tude of the buzzer generated noise as heard in the 1 
he increased working speed obtained under such condi ceiver could be adjusted by means of the attenuator 
ons is accompanied by an improvement in the moral that it just “masked” the outside noise. The reading 
ind well-being of the workers. A low noise level is not the attenuator then gave comparable measurements 

only an advantage to the employer, but promotes the sound level. 


ental and physical health of the employees. [t is rather Other variations of this svstem included several b 


irprising, when a noise survey 1s first made in the zers or oscillators of ditterent pitches. Still another for 


iverage office or fac tory, to discover how high the normal] 
] 


picked up the measured noise by i microphone and il 


ictually is. Usually the employees have be plified it, and was provided with a switching arrang 
ome so accustomed to certain sounds that they hardly ment so that the operator could listen alternately to 


realize the presence of the noise which is constantly mn standard noise and the measured noise in order to pr 
peding their mental processes. Frequently a relatively vide a close match. 
1] 


small outlay for sound-absorbing or -insulating material, 


] 


; Another common method consisted of striking a tuning 
or for improved and quieter mechanical equipment, will 


fork and measuring the time taken for the tone to becon 
prod ct in lmMport int liMprovement in the quality ind 


just inaudible.” The equipment required for such mea 
speed of the work. A recognition of these facts by em 


urements was naturally cheap and simple, but repeat 


plovers is resulting in a ste dy improvement in indus readings were necessary in order to average out th 
trial noise levels ivoidable errors and obtain reasonably satisfactory 
Today, consumers also are demanding quieter electrical sults. F 
ind mechanical apparatus ind lower noise levels in their Both the audiometric and tuning-fork methods involv: 
homes. The designers of household equipment ranging the judgment and hearing ability of the operator and 
from food mixers to air-conditioning systems are at were subject to errors from these sources. In approx 
empting to keep their products as quiet as possible in mate surveys they gave valuable data, but, as soon 


order to meet the demands of purchasers and to keep greater precision became necessary, it seemed apparen 
thead of competition that some type of noise-measuring apparatus which wa 
Che automobile industry is an outstanding exampl entirely independent of the human factor was necessary 
of the importance of proper attention to noise problems. The type of sound level meter which has almost er 
\s nearly all makes of cars are practically alike in me tirely superseded others for commercial noise measur 
chanical details so far as the average consumer is con ments consists essentially of a microphone, an amplifie! 
cerned, the deciding factors in the choice of a new car and some sort of indicator which will respond to th 
frequently are its appearance and the quietness with audio-frequency voltages obtained from the amplifie 
which it operates. Norris” has discussed the various This svstem is shown in Fig. 1. Since the human eat 
uses of automobile noise, including intake noise, ex does not respond equally to all frequencies, it is desirabl: 
haust noise, and body rumble. ‘The production of noise to adjust the over-all frequency response of the sour 
level meter to approximate that of the human ear. Fur 
ther, since a wide range of sound levels must be meas 


ured, the over-all gain should be adjustable, or suitab! 


in the average automobile is a complicated phenomenon, 


ind many changes which would bs expected to lower 
t he Nose le vel tre quently make it worse. Some precise 
. thy . , . } fawn > P . . . . 

nethod of measuring the sounds is therefore necessary. attenuators should be incorporated into the cireuit, s 
The automobile industry realizes this, and the leading 





‘ » Fletcher ~~ anal oan ne T an Iostrand. 1929: 
sutomotive laboratories have pioneered in many types - ee oe eee ann 
of sound-level measurements, including not only the tical Society of Amer Vol 2, July 1930, pages 18-2 

. th f these describe methods of noise measurement current 
J hi Obata, Sakae Mo Kinichi H ® H hi M , 1e time writing 
Eff Noise | n H n Eff s 8H. Clyde Snook. Automobile Noise Measurements. Jours So 
-_ > \ Apr , pages 1 r futom : now 9 Vol. 17, Tuly 1925, pages 115-124 
R. F. Norris. Automotive Q tins r? s et f 9A. H. Davis. Measurements of Noise by Means of a Tuning | 
, V g Oct 3 : 3 Nature, Ve 125, January 11, 1930, pages 48-49, 








reasonable deflection can be obtained on the output ferred to another ley 
it all levels within the range of the equipment. a fixed number of d 
tive sound level meters of this type have been mon reference | 
sly called “noise meters. ‘acoustimeters, ind Is approximately 7 
meters’ but they have all been quite similar so threshold of hi ng 
s the essential principles of operation are con read 7 decibels less 
3 nstrument calibr | 
uugh all of the early sound level meters operated old, providing, ot 
ctically the same principle, there were wide varia in other respects 
n the readings obtained with individual makes and Unfortunately “ 
S. Lack of inv gX nerally accepted St indards tor we seldom Like 
nce level, frequency response characteristics, dire ciable differences 
characteristics of the microphone ind other in tions in readings for 
nt factors entering into the readings made con compensate. Furthe1 
sons between data taken on the various types of phones used had pro 
nents difficult or, in many cases, impossible. Whil 5. their response 
idings of many types of these meters did not the dire ion trom w 
ite closely in all cases the response olf he ave ‘age ipplications, it was } 
» a certain sound, they were at least detinite and the sour of the noi 
ducible and were generally satisfactory for com rors. but for isur 
ve work. In this respect the objective noise meter ete., this was POss 
‘resented a distinct advance over the earlier tone from all directions 
hing arrangement. ments made w di 
secause of the relatively high price of some of th compared only rough 
complete instruments on the market, many man nderstood by th 
lrers OT me ch inical device S ust d simple issemblies of meters but was ft 
dard microphones, amplifiers, and power-level indi i:mong cons <¢ 
meters which provided approximate measurements 
ut a fraction of the cost of complete equipment ESTABLI 
s method Pave useful results for me isuring differ mE ASU RI 
s in noise level, but was not convenient for absol ee ee es oe 
isurements because of the frequent and inconvenient hunaetation.at thet 
‘ation procedure necessary for such work. Unfor Luctviod: umtinvtank 
nately, some or! thre first sound le vel meters sh ired this noise measurements 
ne disadvantage. tically all companies 
Early types of sound-measuring equipment gave man a a Alaa 
icturers of mechanical devices and acoustical materials ee ee 
mvenient means for comparing their products with nd o set of re 
hose of other makes and, except in a few border-line proved. The rapidity 
ses, the readings obtained generally showed which being adopted indi 








roduct was actually the best from a standpoint of sound-measuril 

ietness. Lack of standardization, however, made it culties are bei 
possible to compare readings taken with different types points in the 1 
f meters because of their differing characteristics. This ¥e ompare th 
was of no great importance at first, but when it began rains: tt ; 

» seem desirable to Incorporate noise level data in pur Briefly. t 
hase specifications, and when manufacturers began to ee a eae 
idvertise the low decibel ratings of their products, the wl references 
need tor standardization be¢ ime obvious. Unless the type response charac 


of noise meter and the conditions under which the meas of 


yf the indicating 
irements were made were carefully specified in ea yutlined for mini 
ase, the noise ratings were practically valueless, sinc by the direction 
was impossible to duplicate the readings or to compare microphone S. 
them satisfactorily with the ratings of other man As has been 
fracturers. meters, t nl 
Many early noise meters read directly in decibels sents a logarith 
ibove the average threshold of hearing at 1000 evel - since, although t 
approximately 0.45 millibar) and contained a single \ soavetmte nae | 
weighting network giving an over-all frequency responss atahpetet! I 
not greatly different, throughout the most important stimated 4 
parts of the range, from the low level characteristi 
specified in the new standards. There was, nevertheless. See Amer 
no general agreement among manufacturers and users “e enarlgee Soi 
f noise meters regarding reference levels and fr q ne\ 
‘haracteristics. The various levels constituted only a f 


minor annoyance, since it was possible to compare read 


a ‘ : 
ings taken with respect to one level with readings re 
ve Noise-m Equipment. General 
K Cor er 1 paces 
I Noise Measurement * = e tw 
Beret appara 
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100000 ey SEE fa PEERS + a eS TS | not uniform to sounds of different frequencies. The 
+ + + + +— ——+- + + 
ee ige ear is most sensitive in the region around 
} +——+4 4 +--4-—4—+---++—+- ' | : 
50000 |}++_+_+—_++"—_+—_— +H cycles and consid rably less sensitive at extremely 
=: oes Ge ee ee es es ee es es or low frequencies. Furthermore, the relative res 
| | | | . 
ca me ek ek es a Ge es ee +++ + of the ear to different frequencies 1s not constant 
}—+—+4—+—_}_+_+_4_+—_+ =e sound level. As the sound level increases, the re 
response to the extremely high and low frequenci 
creases so that the frequency characteristic bi 
! 00} 1 nas 
+ + + + + 4$—_—_—4_——_4-_—_+— = oe 7 . an : . 
t "a more nearly uniform. 
+ + + + + + + —+ p+ p, 
+ + + + + + oe: T = , 
tt ttt t $4. 4 4 In early sound level meters it was customary to 
. 0 + + + + + + +- + + i - 
| TT J | | | = the over-all frequency response so that the readin 
> + T ie tie | > T . 
be ae | ae ee ee the meter on a complex sound would roughly ap) 
> i Tv ] . : 
ee mate the response of the ear to a similar sound. 
+ + + + + + + —— —- + 1 
Vv T | | T meant that the various frequencies were weigh 
yy) } } | ° 
WW | | | different degrees before being added together by 
- ; 
iw ; 
& 1000 +—4 ; + indicating instrument to give a single integrated mea 
C ae ae | I — of the sound. It was common practice to use a si 
T 
500 ! 1] frequency-weighting network which would provid 
+—t reasonable compromise over the entire range of the 
ons f+ strument, since obviously no single network could d 
| } * 
oe ee a cate exactly the response of the ear over a wide rang 
| | intensities. Accordingly, the weighting network genera 
followed the characteristic of the ear somewhere in 
100 | | : 
v + region of 40 or 45 db. For an appreciable rang 
+ Gee Rasa! ieee OSS Mii) 
ce RR eo Hi A either side of this value, such a network was quite sat 
‘ ‘ ; 
90 + ; factory, but obviously for high sound intensities the 1 
ee SS : . 
i sponse to extremely low or extremely high frequenc 
+ = 7 ee en a Si i | 
was insufficient to duplicate the ear response with 
| i | y 
<a appreciable degree of accuracy. Because of this, 
| | ™ 
| | more elaborate ty pes of sound level meters were equipp 
- | | : ° 
10 =| i with an extra frequency weighting network for uss 
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LOUDNESS LEVEL IN DECIBELS 


high sound intensities in order to give a more even 
sponse over the audible frequency range. 

Fig. 2. The relation between loudness and loudness level as 
measured by a new standard sound level meter. (from A.S.A. 
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0 +> 
level measured in decibels is shown in Fig. 2. [t will be 
seen that thre decibe | seal Is quite satistactory for all ] ' Sar Ie bs 
tae go kidadacremrerice |(40¢b) 
practical purposes. In the region where sound measure -10 To ————-— NIH 
ments are generally made, that is, from 25 or 30 db up en ee PG 
to 100 db, the curve is quite close to a straight line. 
Re fae Oe a ee ee | | Se OS a 
Since the decibel is a logarithmic unit, a decibel read 
ing as such has no absolute significance, representing we oor ian Oe Oe S| T | 
merely a ratio. Accordingly, some reference level must -30|++ See 
: nee "fhe Dh orden Ontech 
be selected from which to measure the decibel readings. ” | jTosnorce OF ong Pere 
Recently a reference point somewhat lower than  thos¢ Fe | 
previously used has become widely used, and it is this m i fie (ia a ie SC t = ee 
level which has been adopted for the tentative standards z +4 } ++ 444 ae 
Vhis referen vuund intensity is 10 watts per squar - 3 Ce ee ee ee i 
ce st ( ’ S pe square 0 ° eel <p t ear os oO A t me 
centimeter at 1000 eycles in a free progressive wave, 9 i) ee Te, | ‘> 
| about 7 db | > thi he : rag , ] 4 ar. SO 
im iS about ¢ ab ower than the average threshold ot uw ee -~ 
i Ly wiley ft VER icy ia 
hearing,” or 14 db below 1 millibar. Accordingly, the ee 1A ' a ee es Be roy 
> ‘ > rat \ 
readings of previous types of sound level meters which t 
r | Lit 
meet the new standards in other important characteris 4 
w 
tics can be referred to the new reference level by merely © ~20;-+ T raytit T 
idding the proper number of decibels to all readings. Eee! i ee ey EE } ae | 
It is a well-known fact that the response of the ear is 
+10 + a le 1 
4} t t » | ‘ | ade 
‘ P + ia T T T tS Oe | 
Harvey Fletcher and W. A. Mu ss, Its Definition, Meas Tt eee Se 
( f , ’ Vol fe) T 
(> pe a = a i i i Rater oo 
F. A. 1 The } tien of Fracin mel ‘we Sat PURE int ow a 
l ue 4 ’ Ve — 3 Eeun Respoese (FLAT) chee Heel FetQuENcy @anct ee 
May p¢ veg Far gh Se ed vtey men morse weve j it No 
-10 rT Tom witm Abacvcer, ave) N 
| | _ | < Int \ R 
Tours ‘ ; \ Apr ik oe ee | 4 oe ee 
D. M K R ativ + \ t t I Dift Leve's ¢ 
Loud: Physical Re \ i S 331-348; -20 | 
R. R. R The Relationship Between Loudness and the Minimun 60 200 1000 2000 - 
Pernentihie Increment of Intenait te yews Canc alke es FREQUENCY IN CYCLES PER SECOND 
sca, \ + J ary X - - 
15] furth f ‘ ' ' ' = Fig. 3. Over-all free field frequency responses and _ toleranc« 
( urthe nftorn 1 or th thresho ‘ ring, ee an - . 
Sisian and S PD. White. On Minimum And Cote ap weed for sound level meters as specified in the tentative standards ot 
Acoustical Society of Amer Vol. 4, April 1933, pages 288-321 the American Standards Association. 
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“ve A, Fig. 3. shows the low-level characteristic as vide a detimite characterist which | noise met { 





; fied in the new standards. If a sound level meter signers will try to duplicate so that different mak nd 
; mly one weighting network, it should correspond models of instruments will give practically the 
; s curve which represents the so-called 40-db equal readings on sounds of varying intensity 
ness contour modified by the difference between With all manufacturers of sound lev: nelers atte ) 
, il and random free field thresholds. Where an addi ing to follow as close ly as possible the new A wo 
i] high-level network is included, it should follow standards, it becomes apparent that there should not b 
r irve marked B, which represents a similar charac ippreciable differences in sound-levi measuremen 
stic at a level of 70 db. or optionally, the high-level made with inv of the new standard meters. The variou 
ork may provide an equal response over the entire types of sound level meters on the market at the presen 
juency range. Many users of sound-measuring equip time show a high degree of similarity in their genera 
‘ are of the opinion that all three networks should design features and operating characteristics, and it 
P neluded in a sound level meter since readings taken mainly in matters of convenience of operation 
1 the 70-db characteristic and the flat characteristic operating characteristics of a more or less secondary 
differ somewhat, particularly when the sounds in nature that any important differences will be found. For 
) le extremely low or high frequencies. When the three instance, aSsuming that a sound level meter meets the 
works are included, the 70-db characteristic may ly new standards satisfac torily, t is also h ghiv desirable 
ne d for measurements around a 70-db level while the for most applications that the instrument be lig ind 
id t characteristic may be used for measurements at portable and that it be operated from self-contained 
Me rher levels, that is. around 100 db or more, where the batteries so that it can be used in prac illy any loca 
lu sponse of the ear is more nearly uniform, particularly tion. The use of batteries naturally makes it necessary 
toh he lower frequencies. Of course, a sound level meter for the designer to take into account the fact that. the 
san ng all three characteristics can be used for making voltage of the batteries will vary as they wear out and 
n compensating idjustments such as filament 
= rheostats, etc.. should be provided or. what is 
sat more convenient, ire iv be designed 
co so that it will 1 iin Yr il V sta gard 
ei less of normal ch nges in batt gv ind 
h resistan Ballast bes and self-co nsat 
ng amplifier circuits using It nt t ‘ 
ig have been successfully applied to the | 
a Other important features of idern sound 
g electromagne fields st g 
a | =“ aa. “She Beat teat P 
sult of I 5 ding r ) 
S nductances, or designing | 
a { t ! $s | . 
TT ned ; g 
t+ *¥ slor s 
N ked t . 
Fig. 4. Three common types of piezoelectric vibration pick-ups. * —_— 
ges obt 1 fro 
nts to be compared with those ide wit in) Many sso : sed } 
standard Vpe of meter In cases whet ic tW I ‘ . \ - 
eters do not prov de the same Trequency characteris ‘© ration »p , ” 
s. this is not always possible S S I 
x The manner in which the apparent loudness of a con borne Dbrations § . \ 
lex sound varies with the intensity of the different : y 
mmponent frequencies is extremely complicated. Fo when tracing sounds to t J 
yurposes of standardization the American Standards re generally of pre zoe t u 
Association has decided that a sound level reading o1 working on the r ignet 
; given complex sound should represent approximatels re also s t S ved. 1 ons tr 
sum of the powers of each of the components The ps are shown in Fig. 4. T . *ked B and ( 
isual type of rectifier circuit used in sound level meters nt nert l C 1s é 
loes not meet this requirement exactly and, according s fastened firmly to the pick-up s PACES 
. tolerable deviations are included in the standards nd tl t 3 
The dynamic characteristics of the indicating instr eee ws % ; 
ent are also specified in the new standards. Briefly t = m ' 
| sound lasting 0.2 second or longer should give pra il] this sort _ oe 
the same maximum reading as a constant sound of t = aL aie usa i 
same intensity. When, however, a sound lasts for 0.1 depends upo . 
second or le SS. the re iding should be appre Cl ibly | wer \ p ip gis t S ty] nas . shane avantag 
than that which would be obtained on a constant sound t is unusually rugged ; ' 
00: f the same level. Furthermore, the meter should not Another cor n t r i t 
vershoot noticeably on sudden sounds. These character shown in Fig. 4A. In this type, a smal! plunger deflects 
es istics approximate roughly the response of the ear to eee 5 ® - 
“a transient noises, and what is more important, they pro r 
‘. 
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SOUND LEVEL METER WAVE ANALYZER 


Fig. 5. A wave analyzer may be used with a sound 
level meter in order to determine the amplitude and 
the frequency of the various components of a sound. 


the crystal and the voltages generated are roughly pro 


portional to the amplitude of the vibration for frequen 
cies below the resonance point of the crystal. When the 
sound level meter has a flat frequency characteristic, 
this type of vibration pick-up can be used for measuring 
ipproximate vibration amplitudes. Unfortunately, no 
commercial types of vibration pick-ups available at th 
present Lime have as even a Ire que ney re Sponse charac 
teristic as would be desirable and, accordingly, they 
should not be relied upon tor exact measurements. Users 
report that some vibration pick-ups of this general char 


acter are not ilwavs aS rugged is the ine rtia-ope rated 


ype, but the fact that the output is reasonably independ 
ent of Treque nev over a wide range make S the plunge r 
yperated pick-up extremely useful for many purposes 
One point should always be borne in mind when using a 
plunger-operated vibration pick-up. With this type of 
init the shell should be mounted rigidly with respect to 
the vibrating body. Otherwise, a serious error may be 
introduced into the readings, particularly on low-fre 

quency vibrations, due to movement of the pick-up shell 
itself. 

Although vibration pick-ups are still in a stage of 
levelopment where frequent and important improve 
nents can be expected, there are many applications 
where these devices are practically indispe nsable. For 
nstance, when checking the operation of extreme ly small 


nechanis ms s ich is electric clocks. 


t frequently is im 


possible to obtain a sufficiently low value of background 
noise for microphone measurements to be really useful. 
Under these conditions, the use of a vibration pick-up 
held against the clock case will frequently provide read 
ngs entirely satisfactory for production testing and 
which would be quite impossible with any other simpl 
irrangement 
ANALYZERS 

Aside from measuring the actual level of a noise. it 
s sometimes desirable to analyze the sound into its 
component frequencies. Various devices have been ap 
plied to this problem, ranging from variable filters or 
sets of filters covering relatively wide frequency ranges 
o wave analyzers passing a band of only a few cycles 

Some types of sound level meters have been provided 
with jacks or terminals so that filters or analyzers may 
be inserted into the circuit and most other types of sound 
level meters can be adapted for such use, if necessary. 
Wave analyzers of the type frequently used for the 
analysis of electrical waveforms can be connected directly 
to the sound level meter (see Fig. 5) and will provide 
a reasonably accurate analysis of sound. Fig. 6 shows 
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FREQUENCY IN CYCLES PER ‘SEC. 


Fig. 6. Analysis of automobile horn tone made with equ 
ment as shown in Fig. 5. 


the analysis of an automobile 
analyzer of this general ty] 


may be analyzed accurately, 


and amplitude remain fairly constant. Otherwise, 


selectivity of a sharply-tunec 


sible to obtain satisfactory r 


analyzer or a set of filters w 
ings on varying sounds and y 
proximate distribution of the 
quency spectrum. For many 
ments, therefore, a broadly 
filters is more satisfactory t 
analyzer, although the latte 


horn tone as made on 
vw. In order that a so 
is essential that the pi 


1 analyzer makes it impo 
eadings. A broader tunin 
ill, of course, provide read 
vill give an idea of the 
energy throughout the f 


tvpes of sound measur 


tuned analyzer or a set 


han an extremely selectiy 


r instrument will provid 


more accurate re ading’s on constant sounds. 


Now that sound level meters and the methods 


making noise measurements 
degree ot standardization, it 


Increasing numbe r ot industr 


have reached a reasonal 
1S expected that an ey 


1 


ies will find uses for thes 


instruments. The new standard sound level meters mak 


it possible for the industrial 
tory noise measurements as 
intensity measurements with 


The sound level meter prov 


engineer to make satisfac 
° ] 
easily as he makes lig 
a photoelectric light met: 

ides a means for definit 
} ] 


comparison between various sounds of different pitch 


amplitudes and harmonic str 


uctures and, in most cast 


the readings will check closely with the average of 


large number of aural obse 


with normal hearing. There 


doubt as to which automobile 


quietly under a given set of 0] 
should there be any doubt wh 


rvations made by persons 


should no longer be am 
or electric fan runs most 
verating conditions. Neit 

ether or not the sound lev« 


in any office or factory is above the average for other 


locations of similar character 


or above a desirable level] 


The modern sound level meter is not a complicated piec 


of scientific equipment requir 


operation, but a simple, co 


ing a trained engineer fo 
nvenient and—considering 


what it accomplishes—relatively inexpensive device 


which can be operated easily } 
can be applied to a_pract 


problems. 





»y almost anyone and whic! 
ically infinite number of 


“The Technique of Noise Measut 
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GRATON 


Among the more recent forms of 
nentioned the one built by the Ge 
0s 

iboratory of Economic Geology at 
ad Fig. 50 shows the complete outfit 
‘I while Fig. 51 
nstrument as designed 
hgeure the 
whereby additional load is put on 
needle WwW 


close 


at the 


up ot 


Harv 


PiVes a 


shows balance beam 


By replacing a steel 
shown in Figs. 52. 53a. 53b. it was 


had been secured.” 
and checks applic 
bye en 


workers in this 


ing constancy 
tests 


measurement 


x te nsive 
eans ot has 
nonths bv other 


S be essentially practical in appl 





i ait: 
Fig. 51. Scratch hardness tester as 
and improved by S. B. Talmage. 
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Washington according to designs emanating 


and the sliding 


By S. R. WILLIAMS 


Professor of Physics, Amherst College 


Fig. 50. A form of 
the Graton design as 
constructed for the 
laboratory of physics in 
Amherst College. Dur- 
alumin beam, fused 
glass bearings for beam 
and chainomatic | bal- 
ancing as devised by 
Christian Becker, Inc., 
are among the new 


features added. 
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sclerometers m iN bye 
ophy sical Laboratory 
from the 
Harvard University. 
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Fig. 52. Diagram of . 
diamond point used in P 
Graton’s sclerometer. Side View 
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(a) 


Fig. 53(a). Side view of the diamon 


the Graton sclerometer, built for the 


1 
li 
herst College. (Photograph of unused condition.) 


Fig. 53(b). Edge view. 
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hardness is the resistance offered by the cohesion of 
the molecules to their being torn apart by abrasion.” 
idds that 


opposes to pr rmanent deformation by abra 


Jaggar hardness is the resistance which a 
substance 
ion, penetration, friction or fracture 

Murdo has suggested that minerals be limited to 
hree degrees of hardness as shown by a scratch scler 
neter. The steel needle is to be 5 inches long and 
veigh a quarter of an ounce. With such a needle the 
first class of minerals will be seratched just by the 
weight of the handle carrying the needle; perhaps a 
light pressure might be added. These are soft or low 
iardness materials. ‘The second degree of hardness, the 
nedium one, would be represented by that class of min 
rals which would be scratched faintly by a light pres 
ire, but easily scratched with moderately heavy pres 
ure. Those minerals having a degree of hardness called 
hard or high-hardness would constitute the third class. 
This classification does not afford as many steps as 
Mohs’ and mineralogists have already tried to introduc: 
fractional steps in that scale. 


rALMAGE'S METHOD 


Talmage seems to have come nearest to reducing the 
scratch method to a practical system than any of the 
nvestigators using this type of sclerometer. He measures 
hardness in terms of the load necessary to give a con 


stant width to the scratch. For a standard of seratch 


ea 
a 


/ 
/ Standard ~- Limit 


Scratches on Glass Disk | 
oe i | 
| , 








Standard Scratch on Ninera/ | 


\ / 


Fig. 54. Standard scratches with which to compare the scratch 


a mineral. 


width, Talmage cuts two parallel scratches on a small 
piece of glass which may be inserted in the eyepiece of 
the microscope used in observing the scratch made on the 
material whose hardness is to be measured. These two 
seratches have sufficient difference in width so that the 
scratch made by the diamond edge will fall between 
these standard limits. Talmage found it easier to estab 
lish a width of line to fall between these standard limits 
than to try to make the scratch identical with one stand 
ird line. The field of view in the microscope is shown 
in Fig. 54. The standard width of scratch established 
by the two lines on the comparison scale located in the 


A. Jaggar. A Microsclerometer for Determining the Hardness of 
rals imerican Jour? ‘ S ’ Vol. 4. 1897, nawes 399-412 
1. Murdoch, Microscopical Determination of the Opaque Minerals. 
Wiley & Sor New York. See also W. M. Davey & ( M. Farn 
Microscopic Examination of the Ore Minerals. McGraw-Hill Book 
N “ y rT 1 >] 
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eyepiece is a wholly arbitrary standard, and yet 

standard. If two machines were to be compared it 
bye nece ssary to compare the standard scratche 
to find some conversion tactor between the two. A 
approximation to a standard scratch could be ma 
using a standard load on a standard diamond po 
a standard kind of glass, all of which would be arl 
as before. 

In the light of Wollaston’s work” it would app: 
Talmage, in standardizing his diamond edge as s 
in Fig. 52, had found an excellent form of diamond 
for making a scratch. This is confirmed by the fact 
the diamond edge has remained perfect througho 
fairly long period of use. 

As shown in Fig. 52 the diamond edge is so gr 
and the shank holding it is so set that the su 
scratched forms a tangent to the edge of the diamor 


the point of contact, or at least it should be so set 

seems rather an important point. 

In his work, Talmage established six different sta 
ards for the use of the instrument, and it is to th 
standards that Graton referred in his warning gi, 
above. These standards are: 

1) Standard point, a diamond edge with an includ 
angle of 45° (See Fig. 52); 

2) Standard light from a No, 37213 Spencer micr 
scope lamp (Variations in intensity made a gr 
difference in judging scratch width) ; 

3) Standard direction of scratch, parallel to plat 


of illuminator; 
Standard optical equipment, 16-mm short-mount 


objective, 5>< eyepiece and prism illuminator; 

») Standard tube length, 160 mm; 

6) Standard width of scratch between limits rul 
on eyepiece disk (See lig. 54) 

Having established these standards, Talmage was al 


to obtain “highly consistent results.”’ In his work it must 


be remembered that a mineralogist is working with mir 
erals, materials which run over a long range—all the 


way from tale to diamond in Mohs’ seale. It is becaus: 
of this wide range that ‘Talmage argues for the variabl 
load constant-width scratch sclerometer. The questior 
can be raised, should this type be used by the metal 
lurgist with metals, or the physicist can be more genera 
and query: is the Graton instrument a universal instr 
ment for hardness measurement? 

On the establishment of a sclerometer with “gratify 
ing constancy,” Talmage proceeds to set up a new scal 
of hardness for minerals to correspond to Mohs. Instea 
of numbers 1 to 10, Talmage uses letters A to G incl 


sive. The minerals which he thus lists, are 
Hlardness No. aclu 


Desianation 
weight on por if 


Type Mine ral 


of group 


A Argentite ..0.105 grams 
B ee scthvedsdicee ieee 
& CRAICODYFICC oi..0csssciisssases. 0.365 
D Tetrahedrite ............... ...0.520 
BE PUMUMSENESS oe vices eee cca 0.775 
IF IIR vinisscsenscssassevercons 1.035 
G DUMAURRINS oan ccucixsinsahineeaceeses 1.550 


quite evident that Talmage has selected a set of min 
erals with more regular steps than those composing 
Mohs’ minerals. Values of the hardness of the minerals 
composing Mohs’ scale, as measured by other methods 
will be compared with one another in a subsequent 


article. To be continued 





6W. H. Wollas oO Cutting Diamond j ph l Tras 
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Method of Inherent Time-lag Compensation 
for Automatic Room-temperature Control 


By L. J. NEWMAN 


Electrical Engineer. Meyer, 


GENERAL CONSIDERATIONS 
\ the transfer of heat from the source to the point ot 
itilization there is a time lag, the value of which is 
dependent on the following: (1) the rate of responst 
he source, (2) the rate of heat transmission, (3) the 
of absorption of both the medium heated and the 
trol instrument. ‘The choice of an automatic tempera 
controller should take into consideration such time 
In any thermal system consisting of source, “‘applica 
and automatic controller, a change of temperature 
the point of utilization must necessarily be out of 
ise with a change at the heat-producing source. Any 
stem of automatic control for a heating system must 
refore inherently maintain an out-of-step condition by 
proper timing to prevent abnormal departure from di 
red values. The rate of change of temperature in any 
irt of the system is important. An increase in rate of 
1ange will tend to cause over-heating and under-heating 
nless such rate of change is checked. 
Any automatic controller must control the temperature 
of a room between two limits, a maximum and a mini 
1um, Which we call the differential. The room thermo 
stat is adjusted to start the application at the source at 
given temperature, say 69 F., and to shut such appli 
tion at say 71 F. The two-degree difference is the 
differential. This amount can be varied up or down. A 
similar differential is obtained with a snap action ther 
mostat and is the difference in temperature between the 
make, which may again be 69 F., and the break at a 
higher temperature, or 71 F. This rise produces the 


+ 


force necessary to overcome the action of a permanen 
magnet or the tilting of a mercury switch. The range of 
the instrument is the adjustment for a different level of 
temperature, such as made at night, maintaining th 
same differential. For example, this may be 59°F. and 
61° F. respectively corresponding to the day setting of 
69°F. and 71°F. 

An ideal automatic controller would be one which 
would tend to maintain a continuous flow of heat in di 
rect proportion with the rate of heat loss at any moment, 
ind which would instantaneously adjust the heat inp 
to changes in such loss. This cannot be accomplished for 
reasons later explained. 

THERMOSTAT REQUIREMENTS 


The room thermostat should detect a change in tem 


perature and cause adjustment at the heating source an 
ippreciable time before either the minimum or maxim 
limit is reached; in one case causing an increase in heat 


input during a fall in room temperature, and in 
other case causing a fall in heat input during a ris: 
room temperature. The net effect would be the contro 
of the rate of change at both ends; the regulator having 
the function of checking the rate before the minimum or 
maximum limit of room temperature is attained. It is 
evident, therefore, that as the room temperature ap 
proaches the minimum or maximum setting of the ther 
mostat, the rate of change in temperature should hav 


been reduced to such an extent as to tend to reduce the 
deviation from the differential values in either direction. 


Strong & Jones, Inc., New York 





It be ch d i Tl 1 ‘ oe S > 
up the heat source fully n ! is rr st wl 
completely in t! ther case 

In other words, the proper control of a heating syst 
«¢ the contro] of the momentu f it produced at t 
source 

USUAL TYPE OF HUNTING 

The automatic contro f he ilwavys prod 
changes in both the producing means at 1 in t it 
distributing fluid, as well as in the roor re 
The r¢ IS always i le finite lag betwee! ic/ r these. 
This is clearly shown in Fig. 1 and Fig. 2. Fig. 1 is for 
a forced-draft warm-air sVst “ | burner and | ig 
21S tor a hot W er sv¥s Ww ! ; n ina 
ral draft. The scales of thes: rves d 

It will be noted in both these curves, that t room 
temperature shows maximum when tf rate i nye 
ot he register supp vat 
maximum on tl lown g 1 | S 
in a reverse I ronaf 
should ils o 1 that 4 
with the cvcle In 4 given syst 
with weather changes. As the w er g ler. 
eveles are shortened. T} inalogy t ilternating 
rent 1S ev lent. We in sav that t is 
in close approximation as f ws: | 
curve lags 90 behind t ry f ng d 
tion medium and the itter lags 
production in tl r r 
fore, being 180 it of phase w 
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Chis relation is true regardless of the svstem of heating 


thod ot control. 


vr the me 

From the above analysis, it will be clear that when the 
natural period of change is long, close differential setting 
does not help much to improve control. Long natural 
periods are due principally to slow response of produc 
tion or heat input at the source and slowness of circula 
tion of air in the room. Short natural periods are due to 
quick response at the source as well as fast circulation 
of air. The time period of the thermostat must be added 


to the other time factors. 
USUAI COMPENSATING DEVICES 


l'o prevent excessive swings In temperature, antic! 
pating features are introduced to check production or 
cut it off completely before the room temperature has 
reached a value at the upper limit of the thermostat. 
his is usually don by some clock device or the time 
functioning of an electric heating element. The clock 
timing device, with a mechanical shifting arrangement. 
changes the range of the thermostat slowly up and 
down the amount of the differential during a period of 
20 minutes. This causes contact to be made one Way or 
the other if the room temperature is within the zone b 
tween the upper and lower limits. The heater type of 
inticipator is in the form of a small electric heating ele 
ment, which is put in circuit when the thermostat makes 
contact calling for heat. This artificially heats the bi 
metal strip, causing premature shut down of heat input 
before the room temperature has changed to cause such 
idjustment under normal operation. Both of these trv to 
foretell what the future temperature effect will be. 


rHeE NEW METHOD 


We have seen, from actual data shown in the curves. 
that heat input, heat output and the effect on the room 
thermostat are not in synchronism. Automatic tempera 
ture control must allow for this condition. The greater 
the storage capacity for heat there is in the system of 
heating, the more need is there for compensation to pre 
vent hunting. 
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Now let us consider the ideal of inherent lag co 


~ 


sation. The approach to the ideal for close temp: 
control may be warranted for process work, whe: 
value of the product would absorb the cost. But fo. 
mercial or residential heating requirements, compa 
low cost of control equipment is essential. An ip] 
mation of the conditions for an ideal controller w 


the desired results for this class of he ating 
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From a practical standpoint, extremely close tempe1 
ature control is not required. The measure of good cor 
trol is the feeling of comfort of the occupants of t! 
space heated. A feeling of discomfort may be due to 
other conditions than temperature, such as humidity 
currents of air or what is known as “cold 70.” A con 
tinuous flow of heat (even though not uniform), by pr 
venting rapid rate of change in temperature, tends towar 
more comfort than the “‘on-and-off” intermittent actio 
of a heating system. 

The following method of control overcomes the obj: 
tion of rapid rate of change by controlling the produ 
tion at the source by means of auxiliary apparatus whi 
utilizes the opening of the thermostat circuit to chang 
the rate of production or to control a period of opera 
tion. It operates both at a rising as well as at a falling 
temperature, there being an abrupt decrease in produ 
tion at the maximum rate on the rising side and similar] 
an abrupt increase on the falling side. 

Two methods of control are shown in Fig. 83 and 4 
Fig. 3 is a time period control and Fig. 4 is a positioning 
control, where the arm may be stopped at several pr 
determined positions. 

The thermostat A is a plain three-wire instrument 
The solenoid relay for both figures is identical. Thermo 
stat contact on the cold side pulls the core to the lef 
and contact on the hot side pulls the core to the right 
Open circuit restores the core to the center. It will b 
noted that the two coils are connected in series with 
ballast resistance. The thermostat terminals are cot 








yy] 


ng 





1 between the two outside points on the coils and 
ynmon point of the coils. Contact of the thermostat 
short-circuits one of the coils, the other coil is 
ited and pulls over the core, upon which the mercury 
h 1 is attached, closing the motor circuit. The motor 
ites until one of the cams stops the motor. It will 
ited that cam H short-circuits the second solenoid 

















coil through contact 2 or 3 at the end of travel, leaving 


he ballast resistance alone in circuit. On the opening ot 
the thermostat circuit, the solenoid coil which had been 
first short-circuited is energized and pulls the core back 
to the middle cam D, a-projection on the cam preventing 
motion of the core bevond the center. The mercury 
switch again closes and the motor operates to give an 
intermediate result: in Fig. 3 to run as a timer, in Fig. 
t to stop at one of the predetermined positions. 

It will be noted that the operation of the relay is en 


tirely electrical, no springs being required. There are 


three reasons for this: (1) The power required to oper 
ite is relatively small, this being essential to prevent 
heating the thermostat blade. (2) An a-e. solenoid with 
springs, that will not be noisy, is expensive to build. (3 


Chattering is eliminated due to rapid make and break of 
thermostat contact. 

Switch B in Fig. 3 serves to select the intermediate 
setting when thermostat A is on open circuit. This switc! 
may be manual or automatic in operation or may be 
separate instrument like an outside thermostat. It is evi 
dent that the number of points on switch B may be mad: 
inv number. (Fig. 4 does not show switch B but this can 
be applied to give similar results 

The operation as a time control as shown in Fig. 3 is 
evident from the diagram. When thermostat A is on 


! 


hot side . cam ¢ stops t} 


ie motor and the burner cir s 
open through contacts 4 and 5 ope rated bv cams F and 


G. When the thermostat is open, cam D allows the motor 
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) HINUtLeS Wher th stal \ ‘ 1 id S { Ca | 
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Fig. 1 ind IS Similar f hat 1 serit d il | 
curv switch serves » Start th TO ie stopping p 
being determined b he pos t pro] or 
ns ¢ D. and |} The s quen¢ positior 1S wi 
in Fig. 5. This figure shows four positions t it is 
l 
dent it anv number of position in be arranged ) 
ry the Se of i ! i-contact sw i d ( S s show? 
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WHERE ACCURACY IS ESSENTIAL TO THE CONTROI 
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Pneumatic ‘Telemetering 





By COLEMAN B. MOORE 


Development Engineer, The Brown Instrument Co. 


LECTRICAL telemetering, or 


ssion of instrument readings by electrical means, 


the remote trans 


well known in industry. There are many meth 
Te in common use.* There are ilso several types ol 
iwdraulic systems. Pneumatic transmission, however, ap 
pears to have been neglected. It is the purpose of this 
i cle to deseribe a system for the remote transmission 
f flow-rate readings by pneumatic means and to show 
‘ his method ean be adapted to telemetering pres 
temperature, ete In the transmitter of this SVS 
e instantaneous indication of the flowmeter is 
translated” or “‘transformed” into (or “expressed as” 
i pressure. The receiver of this svstem is a pressure gage, 
iduated in units of the flow being measured at the 
insmitter 
\ir-ope rated automa 
i¢ control instruments 


} } pat | ‘ 
Wliileé l operate gaia 
, C 


phr ign \ lve S and 

lamp rs without the use ° 
of relays or auxiliary F 

notors have shown the 

simplicity of such an in 

stallation Phes have 5 
demonstrated also the E 

Hexibility of a pneuma 

tic system to mect the D . 
specific requirements of 

the process to bye con % 


1] 


trolled. It must logically 
issumed, thie re fort ° 
that an air system which 
in rccurately and 
quickly transmit the 
neasurement Of a vari 
ible to the centralized 
ontrol board or con 
trol house should find 
Fig. 1. Pneumatic 


in equally wide field of ] ; 
transmitting unit. 


ipplications in industry 


\ tthe CANCTCISE ot thre 


reader's Imagination 


} 


hould extend this prin 
TRANSMITTED 


ciple, even outside the Bi 
PRESSURE 2® 10” 


field of instruments. to 


other industrial uses 


KINEMATICS OF PNEUMATIC AMPLIFICATION 
Elementary mechanical problems involving levers and 
gears have taught us that if we wish to amplify a given 
motion, it is necessary to sacrifice power in the inverse 
ratio. Practical experience also shows a proportionate 
oss of acc uracy due to backlash. 
Likewise, amplifying the power means a corre spond 
ing reduction in motion and loss of accuracy. 
\ pneumatic system using a sensitive pilot (such as 
the flapper-and-nozzl has a useful characteristic, in 
that it can simultaneously amplify power and motion 


without any appreciable decrease in accuracy. 


\ Ror 1 NM. | Bel I ter \ 
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he torque required to operate the pilot is only 
centimeter grams. Since a 0.003” movement of thi 
is sufhcient to change the transmitted pressure oy 
entire range, the possibilities for amplification of 
ire numerous, 

Ope rating forces are taken up in the same dir 


so that backlash is eliminated. 


OPERATING PRINCIPLI 


Fig. 1 shows the construction of a pneumatic flow 
transmitter. The flowmeter shaft, operated from a 
in a conventional me recury manometer, rotates tor 

scale through an angle re 
sented by A. The transm 


MECHANICA bellows must therefore op 
oe ig ate through its connecting 
to move the flapper-actuat 
: mechanism through the sa 
‘a angle. The spring and 
bellows are so proportion 
a that a change in pressure fr 
— > 2 to 10 Ibs./in.~ will acco 
a plish this motion. 
The flappe r-actuating mei 
anism consists of a bell eran 
B, with a fixed pivot at ( 
This bell crank carries a les 
D, pivoted at F. To the low 
end of lever D is attached 
link connected to the ar 
from the flowmeter shaft, a 
the upper end of the lev 
carries a projecting pin 
which operates the flapper. | 
the zero flow position, wh 
the transmitted pressure is 
Ibs./in.”, the flapper is abou 
0.004” from the nozzle. 
: a. In operation, a counte 
BELLOWS TRAVEL clockwise motion of the ar 
} from the flowmeter. shat 
(corresponding to an increas 
RESTRICTION in flow) moves the lever / 
r i7*aik supPLy about its pivot, causing 


Happer to rest on the nozz 
and build up the pressur 
in the bellows chamber. The compression of the bellow 
moves the bell crank B to restore the flapper to a pos 
tion slightly closer to the nozzle. This balances out t 
mechanism at a proportionate ly higher pressure, bring 
ing the system to equilibrium. 

In actual operation, these motions occur simultan 
ously, so that the flapper-actuating levers work as a un 
and move through the same angle, following the motior 
of the flowmeter shaft arm. 

The pressure connections consist simply of a regulate 
and filte red 17 lbs. in. 


restriction to common connections to the transmissio 


air supply connected through 


tubing, bellows chamber and nozzle. The restriction 


smaller than the nozzle opening, so that when the flapp: 
is about 0.004” from the nozzle, th pressure will dro} 
to 2 Ibs. in.*, and when it is about 0.001” away, th 








OPERATING CHARACTERISTICS 





N C 
= \ \ FLOW METER 
o " SHAF Pests on the nodel illustrated in Fig proug 
1] , 
y light the following op iting characteristics 
Fae, \ \ | 
, \ \ l Because of the inherent sensitivity of the pilot 
r A 


system, as previously described, there is a definite pres 


y sure response for as low as 0.2% of the ital mano ter 
float movement. This would naturally suggest that 
r . a , 
extreme sensitivity would set up an oscillatory cond rn 
< 
} , 
. his was no ne cas wey Sin the Db Wsoa 1 
\ ; 
™N instantly to correct for the change in pilot positio1 
ach movement of the pilot set ip forces to ppose that 
\ G movement and thi Hanis was found > De inherent 
1] y ; 
stablt Wid hanges were mad without evershooting 
, 
2) The speed of transmission is pra lly d 
propor onal tot list n \ irg 5 ) } t a 
\VRYYA ON YZ, ing would cause a delay | se of t )] ‘\ 
smal S1Z wo ld De ill t { by The nal i tion \ 
” : 
(ae LD ng s beer nd te pt 
size for max speed. Since t 7 ibing and 
] } 
y. ¢ 2 Pneu- receiver D OWS S sta i t} i n a ress 
» matic transmit- size of this tul r would in no wav afte ri ' 
unit with 
. Using 200 feet as the transmission distar » I sp 1 
pe square-root con- : , ; 





version giving 


) ! re _ 
uniformly - grad- FULL SCALE pressure. [This becomes approximately 7 seconds 
t uated scale. BELLOWS TRAVEL 10% change and 20 s nds for full scale. This is faste 
i . 1} ) } 
than Clie nor! i Ss}! l I i ino er, | t \ 
qu red oO} Spt i ipplicat ls t l 
Tr ~ +} + + 
RESTRICTION to five times wit ! s Os 
mt TRANSMITTED \7AIR SUPPLY entional type supplied w Y t 
0 } PRESSURE 2410 — < ! : 
3) As previously discussed, the : 
1ep nad nt o Dp ss ing | rk 
I 
= : vellows. In this del, » ‘ to t 
+) ssure will rise to 10 Ibs./in.~. The receiver. therefore. p 
es » In-oz. for 1‘/ -essur ing 
( san accurate pressure gage calibrated 2 to 10 Ibs./ in = : 
pounds for t . Phis is 
\ reading in terms of rate-ot-flow. ; lit 
norma condi O! 
, 
: Fig. 2 shows the substitution of a shaped lever B’ fo t) The air consumption was found to be 0.016 
| 
‘ t bell crank B ot Fig. 1, and the addition of lever G free air per minute. This corresponds t Ss 
rl ' } . 
: | init Is now capabl of extracting the squart root ol if that sed bv the a "Ag i perated ! ‘ 
in : . : 
the pressure ditferential across the orifice, and transmit on i market 
7 
] 


ng flow readings on an evenly divided scale. 


s interesting to note that in this unit. 


where the pneumatic amplifications are the 
itest near Zero flow , the contact ingle 


the levers is at a minimum. This illustrates 


' 
w the pneumatic system produces a rela 
tively high multiplication of motion with m«e 
inical forces that are relativelv low. 
: PRACTICAL EMBODIMEN1 





D) Fig. 3 sl let tic tel 
1g » SNOWS a COTMpPiele MCeUumMAacie Ceit 
| I | - 





tering tey t] - «| | ” ir | { } { C Ati TRANSPGT TING - rs > 
\ * System With several hundares¢ eC Ol Posd BELLOWS CONTROLLED SUPPLY 
SUPPLY CONTA ULLEY y 

jiled tubing transmitting the readings to the (TELEMETERING ; VALVE : AuTomaric 
SysTém) Transmitter Receiver CONTRE 


re ceiving instrument. In this illustrated ex 


int ple , an air operate d automatic-control unit. Fig. 3. ¢ omplet assembly of flow-rate t metering syste 
perating a control valve, is located at the re 


iver, which takes the form of i recorde r 


: Numerous other combinations may be made, su : 
iddition of a duplicate pneumatic svstem for reset g = ’ 


the transmitter from the receiving in 


he control index in 


rument. Also, the control unit may be located optionally spacny © ; : 
either instrument and the scale may be evenly divided 5° 
5 Oo 2 . i 

n one and square root on the other. Either instr . : ; 

i\ be made as a recorder or indicator, ind the trans a 1 

tter may consist simply of the units in a closed box eg \ aa wae 
cnown as a blind transmitter. For pressure or tempera ’ rac I ; gs 
ure transmission, it is merely necessary to replace th sents outd - 

1anometer in the transmitting instrument wit t ! i W ; \I 
juired measuring element. 
Ns \ \ ~ 
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JULY PROBLEM (No. 9) 
MEASURING FURNACE HUMIDITY 


From the Chief Engineer of a mining- 
milling-refining company: “We have a 
furnace in which the temperature ranges 
from 650° to 1600° and wish to measure 
the humidity in the furnace atmosphere. 
We wish at least to determine the hu- 
midity from time to time by a sampling 
method, but it would be better if we 
could obtain a continuous indication and 
a chart record.” 


$5 PRIZE SOLUTION 
By JOHN W. FULTON 
NUTLEY, N.J 


Since it ould be difficult to operate 

nidity measur instruments directly 
it the temperature involved it would be 
tn ra sample of the Turnace gas 
outside to the measuring apparatus. ‘To 

oid condensation on cooling ot the 
vases to room temperature, an excess ot 
dried iv g Vin idded to the Purnace 
vases so th vw mixture, when cooled to 
room temperature, | ill not be saturated 

13 measuring the unount of dry ur 
idded and the tot unount of gas drawn 
out by the pump, the difference will be 
thre umount of gas removed from. the 
furnace It the gas be passed through a 


I 
} 


eighing tube tilled with one of the usu 


dessicants, the difference in weight of 


the tube before the test and after Patss 
ing a definite volume of furnace gas 
through the tube vill give directly the 


velght of water in the volume of was 


passed through the tube, corrected 
room temp rature and pressure, 

It will be necessary to select dessi 
cant which will not absorb anything els« 
from the gases except water vapor. The 


domestic variety of gas 


volume meter 
may be used to measure the volume of 
idded and the total volume. of 


through the drying tube. The 


dry air 
ras passing 
+ 


drving tubes and dessicants are standard 


equipment used by organic chemists 


It should be possible to obtain a cor 
tinuous record of the water content ot 
the Turnace Lases by the use of t\ 
Pirani one’ tubes ind i recording 


Wheatstone bridgy The Pirani gage tube 
such as G. EB. No. FA 13) consists of a 


metal filament mounted in a glass tubs 
vith the walls near the filament [hie 
temperature of the filament at constant 
impressed voltage, measured by its. re 
sistance, is a measure of the heat con 
ductivity of the gas in the tube. Since 
he heat conductivity of water \ por is 
much reater than that of other gases 


pt to be in the furnace itmosphere, it 


furnace gases and drv air 


ve passed through one gage tube to meas 
ure its heat conductivity, then through 
drying chamber is above) and then 
gage, the differ 


ence in heat conductivity on removal of 


hrough another similar 


ve water vapor will be directly propor 
lon to the original water content of 
the Turnace gases 
Since e standard Pirani gage is made 
» 1 ( ” cuum svstems it ois tubu 
ted t only one end. In order to pass 
e gas In more intimate contact with 
( ! en ould be cadesirable ’ 
) e the ive tube Do ends 


\ 
bridge 
water 
gas by 


standard 


recording Whi 
*» may be calibrated in we 
Vapor per unit volume of 


the previously discussed 


method 


Vist 


install 


INCOMING 


}) isse¢ 
that t 

Phe 
togeth 
consta 

For 
igent 


ial rate-of-flow meters shy 
ed to measure the volume 
dry air and total volum« 


1 through the measuring ce 
hev may be kept constant 
two cells should be place 
er and maintained at a re 
nt temperature 

the sake of economy, the 


may be one of the regen: 


kind, two drving cells being provi 


that « 
other 
select 
ipor 
Lhe 
solute 
ume o 
ind p 
midity 


me may be regenerated wh 
is in use. Care must be 
i dessicant selective only for 
is in the sampling method 
humidity as measured is 


water vapor weight per uni 


f furnace gas at room tempe 
ressure. ‘To obtain the relative 
in the furnace atmosphere, 


volume of gas must be corrected f 


ctual 
in the 
ity ou 
verted 
L tun 


is draw 


, 
na Ce 
the ter 
the de 


dition 


temp rature ind pressure enl 
furnace, and the absolute | 
the furnace thus obtained 
to relative in the usual mat 


tion of temperature 


$5 PRIZE SOLUTION 
sy ALFRED A. MARKSON 
KEW GARDENS, N. ¥ 


ample of Turnace 


CONTINUOUS 


n throug 


rh the ipparatus skete 
wled by a countercurrent of 


nperature of the gas will fall 
w-point is reached. Under thi 


the gas temperature will ret 


L 
‘ 
a \ 
: 8) \ rime ens 
FURMACE . kn ae 
4 \se 
~ 
nn t iter 
2 pont = 
[es sone her momen cx 
1 aS 
——" 
—— 
rc = Anes - 
+ . 2 1 . Z 


+ 
U Exhauste 
— 
constant till condensation is— tairly 
udvanced. The temperature wilt the 
is both sensible and latent heav are 
moved. By manipulating the gas flow 
the water flow, this zone can be broug 
under the two thermometer oulbs. Whi 
the two bulbs coincide in temperat 
the temperature they read may be ust 
is the dew point Reference to a ci 
of furnace temperature versus this te 
rature will give the relative humid 


olved 


this ty 


Investig 


sulphu 


There will be no theoretical errors 1 


iffecting process control Indes 


pe of apparatus may be used 


ite higher dew-points, such 
ric acid, with a view to invest 
the quantities of these substance 
writer would be glad to undert 


ual design of the apparatus 





rec ordi 





it indicating, s»ot y 


tically and = continuously reco 


») 





Tr 


O 


() 





Hl 


» 


wo 





$5 PRIZE SOLUTION then turned on and allowed to run unti 
By HAROLD T. OLSON i measurable amount of water has cor 
MINNEAPOLIS, MINN. densed in ©. The humidity in the furnace 


mination of the humidity of fur chamber would then be: 


tmosphere is stated to be con H (C-Co) B H 
to m () 
by the presence of other vapors : : 
(M-Mo) (B-hD 
ses which would render chemical 
where: 


inoperative. Therefore, we can : ; 
. . (‘is the burette reading in en 

ke use of chemical absorption : 
} M is the gas-meter reading in Tt 
ut must physically condense and sake 
. ait : I} is the barometric pressure, 

e the water contained in a meas : 4] in i f 
. Ais the height of manometer ¢ ln, 
ume of the furnace itmosphe re, 
the same time we eliminate any 


ind DPD is the density of the manometer 
: q liquid. 
vapors or gases which might be pb 


| : 
, . Since the air going through the meter 
Such considerations led to de . : 
} will be saturated with water vapor at the 
this system: a / 
, ¢ : . temperature of th Stlil SS 1 orrection 
nd S are condenser coils which are aang oe ; itl : a 
pe ~ory .: tor the moisture Carried through the sys 
respectively at 50°¢ ind 5°¢ I is 3 ~~ -" : 
: ; . | tem should be made by idding to the 
rlenmever flash, ¢ Is a. fine-bore : ; : . i 
F . . ve-obta . valu in moun 
measuring to 0.02 em.° directly wee spices a of ssp 
: equal to the em of water contained 
1 ft.° of saturated air at 5°¢ 
An oceasional check on the efficiency of 
the svstem can be m de by inalvzing the 
% vater in (; if an appreciable portion of 
% COe, NO, ete. is present, the temper 
y ture of the condenser J should be d 
usted to reduce CSE mpurities 


35 PRIZE DISCUSSION 
By W. H. WRIGHT 
WILMINGTON, DELAWARI 


The therma conductivity method 
flue vas al IS IS SENSITIVE 1"! st ( 
i has been sealed at its upper end By passing strean f the e g 
‘oximately ] of large-diameter glass through one conductivity cell, removing 
P is an open-end manometer the moisture in ) ead si i} 
determines the pressure in C in train, and passing through a second the 
of the barometric pressure and the mal conductivity cell, the differenti 
of the liquid in the two arms. WZ emf. between the t »>celis ShHOULG be 
bellows tvpe was meter connected to to moisture only regardiess of the ¢ 
tion pump position (CO, COz, Ne, ete oT the 
operation, ‘TD serves roughly as a vas. If sulphuric acid 1s used in the dr 
cation chamber in which the most Ing train, uns I ed nad XV Fer ed 
Cuuiy condensable \ ipors tre trapped compounds would be bsorbed Hio ever 
illowed to collect in the flask I But these re not ikelv to be pre sent 
s held at ipproxim itely LOOSC,, hence preci ible ju ntities in flue gases trom 
water which may have condensed in furnace it the specified temperature 
ill be distilled over into S where it range, na ould therefore not introduce 
denses and drips into the burette C. much error into the system The equip 
lo make a determination of the humidity ment may be ¢ ibrated DY gravimetri 
e furnace at any time, the level of nalvsis of the gas passing thro ¢ 
iter in (' and the reading of the hbsorption of metered quantity 
er Mare determined. The pump is HOSphorus pe mN1cte he 








Problem No. 11 Subject Index 10 


LOCATING BURIED TREASURE 


We frequently are consulted on instruments for locating buried treasures. 
Most inquirers seem to be irresponsible. Among the exceptions, two prompt 
us to bring up this question as a Forum problem: (1) a well-known radio 
program director desiring a scientific basis for censoring assertions to be 
broadcast; (2) a properly-introduced person seriously concerned in a family 
matter involving a hoard of gold and silver articles. Both inquirers seem to 
desire quantitative data on the sensitivity and selectivity of each method. 
Expressing their requests in more exact terms, we would put it this way: 

(1) For each method compute a table or plot a curve of least-weight-of- 
naterial versus greatest-distance-for-detection, using log-log grid. 

(2) Give table or chart of selectivity, comparing ultimate sensitivity values 
with respect to different metals and alloys. 

(3) Discuss sources of error, possibility of compensating, etc. 

(4) Discuss other practical limitations of each method, including costs. 


Five dollars will be paid for every solution (or critical discussion clearly point- 
ng the way to a solution) which is accepted for publication. Address Instru- 
mentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Type double-space, on 
one side of paper. Draw diagram in black ink on separate sheet. Mail before 
Oct. 15. Solutions and discussions accepted will appear in Nov. 1937 issue. 
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Successful automatic regulation of temperature 


and humidity in air conditioning installations 
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| A. Outdoors * B. At conditioner discharge °* C. In conditioned space 
Johnson systems of automatic control include a wide variety of devices to main- 
fain, dependably and accurately, the proper relationship between all points of 

control. Ask any Johnson engineer to explain the interesting remote, readjustable | 

thermostats and humidostats, just one of the many types of instruments espe- 


cially developed by Johnson for application to air conditioning problems. What- i % 
Main Office and Factory: MILWAUKEE, WIS. 


ever the control requirement — heating, cooling, humidifying, dehumidifying and 
Branch Offices in all Principal Cities 


regulation of air movement— Johnson apparatus is the answer. Your air condi- 


tioning contractor can furnish Johnson control. 
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PNEUMATIC TELEMETERING 


Continued from page 


actual installations would be subjected to smaller 
tions. 

7) A 25% change in the pressure of the comp) 
air supply altered the receiver readings by less thay 
of full-seale. 

S Normal vibration frequencies were found 
no effect on the accuracy of the readings. In a 
which the amplitude was so great that the entire 
meter body vibrated violently, less than 1% chang 
shown at the receiver. 


INDUSTRIAL ADVANTAGES OF PNEUMATIC TELEMETER 


1) In the operation of many processes there is 
stant danger of the formation of an explosive it 
phere from leakage or other accidental causes. An 
trical system then constitutes a serious hazard; a p 
matic system is inherently “‘explosion-proof.’ 

2) Flow-rate readings, in many cases, Should pre 
ably be indicated or recorded on an evenly-divided s 
rather than on the characteristic square-root scale. ‘| 
is particularly true when automatic control is used. 1 


accomplish this square-root conversion requires a 


multiplying factor at low flows. For example, 10% flow 


is 1% of the full-scale pressure differential and 
How is only 1, of 1% of this reading. This must 
cordingly be converted without loss of accuracy or pow 
The geometrical devices commonly used to make 
conversion (shaped tubes, bells, ete.) have not b 
found practical, for evenly-divided readings, below 10 to 
15% of flow. Moreover, they must be manufactured w 
extreme precision and installed in an absolutely les 
position. The pneumatic system is peculiarly adapted to 
performing this function over the entire range and wit 
the use of a plain cylindrical “range tube” in the mer 
cury and-float manometer. 

3) In the measurement of high pressures, it is ob 
jectionable to pipe meter lines any unnecessary distance, 
not only from the standpoint of leakage and maint 
nance, but by reason of the additional hazard as well 
Any telemetering system, of course, does away with long 
distance high-pressure connections, but the pneumati 
system introduces no other hazards. 

(4) In the chemical industries, the elimination of 
extra piping of poisonous or corrosive fluids removes al 
additional danger. 

(5) Fluids which become too viscous, at atmospher 
temperatures, for accurate metering, offer another log 
cal application. 

(6) Extreme ly low pressures will have the forces 
available accurately amplified many times when _ the 
pneumatic transmission system Is used. 

7) Temperature measurements, in which a liquid 
filled bulb is required, may well use this system to avo 
the inconvenience of not being able to disconnect t 
capillary during the installation or any subsequent 
changes which are found necessary. 

8) The problem of temperature compensation of t] 
capillary is also eliminated. 

9) Any non-linear characteristics may be convert 
to uniform movement. as with the flow transmitter. 

(10) An installation using a transmission distam 
greater than 200 feet will undoubtedly be found rel 


tively economical, since commercial tubing of 3/32” 
1.” I.D. is all that is required. 

It is the author's hope that this article will help t 
stimulate interest in future development work to wide 


still further the scope of this type of transmission. 





